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PREFACE 

BT THE AMERICAN EDITOR. 



Those who are at all familiar with the present state of geological 
science in Europe, will recognize in the ant h< r of tbiH treatise, one 
of the most distingaisbed names in that bright list of observers in 
Great Britain, who are bringing to light such wonders in the rocky 
strata of our globe, as forcibly to arrest the attention of every intel- 
ligent man. Tbey will recollect him as the author of the ' Geologi' 
cal ManuaV one of the best elementary works on that subject which 
have appeared: also of a work entitled * Sections and Views illus- 
trative of Geological Phenomena,* and of another with the title, — 
' How to observe ; ' besides numerous papers in the Journals and 
Transactions of learned societies. The present work, however, I 
apprehend, is scarcely known ih this country ; as 1 have in ^n 
searched our bookstores to find it. But having obtained the loan of 
Prof. Silliman's copy, he has kindly consented to have it used for re. 
publication. And he allows me to say, that he approves and recom- 
mends the work.* It will be made a text book for the Geological Class 
in Amherst College. And I cannot but believe that it will prove an 
acceptable present to the rapidly increasing number of intelligent 
individuals in our country, who are giving attention togeology. For 
it seems to me, as a whole, to contain the most satisfactory theoretic 
views of geological phenomena to be found in any work extant. One 
cannot read a chapter without perceiving that the author is a thor- 
ough master of his subject, and has thought much and accurately 
upon its theory. Even where we do not agree with him, his argu- 
ments are stated so candidly and fairly, that it is no easy matter to 
find fault with them. Yet the work does not point out any royal road 
to the science. Nor can it be profitably read hastily. It must be 
pondered well, and inwardly digested by him who would reason ac- 
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curately in geology : an acquisition more rare and difficult, proba- 
bly, tban in any other physical sciepce. To be sure, the reasoning 
is not in all cases formally applied to the phenomena ; and sometimes 
a person not familiar with the details of the science may be in doubt 
as to its bearing. But whoever becomes master of this work, may 
be assured that he has got a clue for nearly all the cases he may 
meet in the science. 

It ought, perhaps, to be stated,in order the better to see the bearing 
of some parts of this work, tliat there is a diversity of opinion 
among geologists in Europe, as to the 'intensity of the forces requis- 
ite to produce geological phenomena. One class, with Mr. Lyell at 
their head, maintain that the causes now operating are sufficient , 
with no increase of intensity, to have produced all the geological 
changes which the earth has undergone. Another class, among 
whom may be reckoned the author of this work, believe that these 
causes have acte4 with greater power in early times than they now 
do. This question, which is merely one respecting intensity offerees, 
is the principal point now contested by geologists ; «nd it affords an. 
interesting index of the progress of geology during the last quarter 
of a century. For not long since, the controversy respected the na- 
ture of these forces. And now that the ground of dispute is so muoh 
narrowed, it is to be hoped that the diseussion will be carried on 
with more philosophical calmness, and thus be the more speedily 
dMided. It ought not to be forgotten, however, that the excitement 
ancr violence of a controversy are apt to increase in the inverse ra- 
tio of the importance of the point contested.' 

I wish I could commend the style of this work as highly as its 
matter. But it must be confessed that there is a great want of 
clearness, and not a little prolixity, in many of the sentences. The 
author seems to have been so much occupied with the sentiment, as 
in a measure to have forgotten the dress. This latter is perhaps of 
less importance in a scientific than in a literary production. StiU 
it is very desirable in both. I have not ventured to make any ex" 
cept a few verbal alterations. 

The notes which I have added, are in very few cases intended to ^ 
controvert the opinions of the author. But for the most part, they ^ 
contain facts respecting American Greology, that may. modify the 
conclusions drawn from European rocks ; or they consist of new 
facts which I have recently observed, and which I have though t 
might prove of interest or value to geologists. At the close I have 
added the opinions of several distinguished men, respecting the 
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connection of Geology with revealed religion; — a subject which 
the author has not thought proper to touch. The notes which I have 
ad Jed will be found on pages 24, 89, 95, 96, 97, 107, 121, 176, 244, 
264, 267j271, 302, 306, 307, 321, 324, 327, 

Within the last twenty years, a prodigous impulse hasbe^n giv- 
en to the study of geology throughout the civilized world, In Eu- 
rope it has attracted the attention of the intelligent of all classes; 
and in our own country it is beginning not only to be popular, but 
even fashionable. Rozet, a very recent French writer on Geology ex- 
tends this statement much farther. " In almost all countries of the 
earth," says he, " observers are occupied in 'collecting facts; the prin- 
cipal towns on the globe form collections and open schools of geology : 
Geological Societies, on broad foundations, are formed every where, 
and open a communication with one another: and a great number 
of educated men, before strangers to the science, have enrolled 
themselves under its banners. So deeply important are geological 
studies now seen to be, that they have become really popular. In 
France we find courses on geology in all schools, from those of ag- 
riculture, to thosie embracing the profound sciences. "• 

The same writer gives us a summary of the economical uses of 
geology— 

" The application of geology," says he, " are numerous: It guides 
the miner in his search after, and in the working of minerals : It 
shows the architect in what mountains he may find building stones, 
marble, slate, limestone, sand and purzolana. It shows the agriltal- 
tnrist what soils are proper for this or that culture: the rocks proper 
for marl, and the points where he may search, with some chance of 
success, for springs to irrigate his fields. It directs the polter and 
the brick maker how to find readily the agillaceous beds which they 
may employ, and the manufacturer of porcelan to those beds of beau- 
tiful kaolin, which are now^ wrought in so great perfection. 

The intellectual and religious utilities of this science are set 
forth by M. Rozet with considerable force. 

" The study of the earth's interior," says he, " may conduct us, if 
not to a solution of the great problem of creation, at least to a knowl- 
edge of some of the laws by which it was governed at different 
epochs. It has cast rauth light on this point. It shows us that or- 
ganic beings became more and more perfect from the commence- 

• Tralte Elementalte de Geologie, Par M» Rozet, Vol. h l)i8Cours prellminalre.p. 
xii. Paris, 1835. 
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meat of life on the earth to the time of man's appearance. It shows 
us, that during the long interval separatingman from thefirst animal, 
the universe was agitated by successive revolutions; but that since 
that time the equilibrium has become perfectly established, so as to 
permit man to spread tranquilly over the globe. At this day every 
thing tends to perfect stability, which appears to promise to the exist- 
ing order of things an eternal duration.'' 

In this last sentence the writer I suppose, refers only to what 
geology teaches, without revelation. But apart from revelation, 
this opinion would not be considered correct by a majority of the 
oldest geologists, I sh&ll content myself with quoting only the 
views of M. Elie de Beaumont, a distinguished geologist and 
fellow countryman of M. Rozet. This writer, in his work on the 
elevation of mountain chains, after having traced no less than twelve 
systems of elevation in Europe, which happened at different epochs, 
and any one of which might have been sufficient to sweep the great 
er part of the earth of its inhabitants, proceeds to inquire, whether 
we are to look for any similar events in time to Come : and he con- 
cludes by saying, " Whatever succession of terms lesuit from this 
memoir, it is difficult to predict any modification which so changes 
the aspect of the subject, as to lead us to suppose that the mineral 
crust of the globe has lost the property of successively ridging itself, 
in different directions, so that we can be sure that the period of tran- 
quility in which we live will never be disturbed by the apearance of 
a new system of mountains, the effect of a new dislocation of the 
surface, which we inhabit, and concerning whic4i earthquakes suffi- 
ciently admonish us that its foundations are not immovable."* 

The concluding remarks of M. Rozet are in the finest style and 
spirit. 

" The study of the earth," says he, " as of all the other productions 
of nature, demonstrates at every step the existence of the Deity. 
It shows us an Infinite Power presiding over all, whose principal 
object seems to have been to secure the happiness and tranquility of 
man,— his last work, and that on which he has bestowed the great- 
est care." 

" No science more than geology, is capable of elevating the soul, 
enlarging the thoughts, and bringing us fiear the Creator. The 
vault of heaven covers its cabinet, the whole universe forms its field 

* Recheiches sur QuelqueB— unea des Revolutions de la Surfiicei du Globe, Par IL 
EUede Beanmont, p. S38 Paris 1880. 
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of observation, and it penetrates the depths of the earth. The 
dwelling place of the geologist is not in cities,— j-the centre of luxu- 
ry and effeminacy ,^but on the mountains j in the fissures of those 
gigantic masses, whose tops shoot up above the clouds and brave 
the tempests of thousands of years. There nature attends him to 
initiate him into her secret mysteries. There all is grand — all is 
immense. Those lofly ridges which stretch beyond the sight; these 
foaming torrents, which are precipitated downward, roaring along 
the arid declivities, and at length become changed into the tranquil 
streams that water the fertile plains ; those rocks, suspended on the 
brink of precipices, which threaten every moment to crush the ob- 
server ; those clouds and those eternal glaciers, which seem to 
guard the access of the loftiest ridges— all present a spectacle the 
most imposing; fill the soul with fear and admiration ; liA it above 
itself, and compel it to be humble before the sublime Author of such 
wonders !" 

Amherst CoUegt, March Isi, 1837. 
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PREFACE 

TO THE ENGLISH EDITION. 



Although the theory of central heat and the former igneous fluid* 
ity of our planet have been much dwelt upon in the following pages, 
the author trusts that he will not be considered so attached to these 
views as not to be ready to reject them and embrace others, which 
may afford a better explanation of an equal number of observed 
facts, should such be brought forward. It can only be amid a thous- 
and errors, and by a determination to abandon our preconceived 
opinions, when shown to be untenable, not by pertinaciously adher- 
ing to them because we have once adopted them, that we approxi- 
mate towards the truth. By strictly advocating a particular theory 
prominently displaying those facts only which may appear to afford 
It support, we are in perpetual danger of deceiving ourselves and 
others. Facts of all kinds, whether in favor of or against our 
views, should be honestly brousfht forward, in order that those 
whose opinions are unprejudiced may fairly weigh the evidence 
adduced. 

As when we approach simplicity we generally approach truth, 
the author has in the following researches been always anxious to 
seek for a simple cause, explanatory of several facts, such as the 
former igneous fluidity of tne earth, rather than adopt other views 
which may have more novelty though not the same simplicity to 
recommend them. In doings so he may, indeed, not always have 
succeeded in referring effects to the right causes, jbut he trust<«, 
should his conclusions be found erroneous, that he will not be ac- 
cused of any unfair advocacy of opinions, suppressing or only half 
stating facts for the purpose of rendering any given hypothesis ap- 
parently more tenable than another. 
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IN 



THEORETICAL GEOLOGY. 



CHAPTER I. 



The sun and the known planets of our solar system are 
of different densities ; it therefore follows that the materi- 
als of which these hodies are respectively formed are either 
different, or do not exist under precisely the same condi- 
tions in each. Hence a given density is not necessary to 
the existence of a planet ; and, consequently, there is no 
argument, a priori, against the supposition that the densi- 
ty of a planet, such as the earth, may have changed dur- 
ing the lapse of time. There is no direct evidence to 
prove that the matter of the other planets either differs 
from, or is the same with, that of the earth. It can only 
be assumed that, in accordance with the simplicity and 
grandeur of design manifested in the Creation, the gene- 
ral character of such matter would not materially differ, 
precisely as we see an infinite variety of form produced 
by the combination of a few elementary substances in ani- 
mals and vegetables. 

Assuming therefore — and it does not appear unphilo- 
sophical to do so — that the matter of the planets does not 
materially differ as respects its general character, there 
must be some agent or force counteracting the effect of 
gravity unequally in each of these bodies; otherwise a 
large planet, such as Saturn, would not be less dense than 
the earth. When such an agent is sought, heat readily 
presents itself as capable of producing the effects we en- 
deavor to explain. It is capable of changing the density 
of all bodies, and we have every reason to believe that all 
2 
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ponderable matter would become gaseous, if the heat ap<- 
pJied to it wisre sufficiently intense. The effect of gravity 
OQ the surface of the sun has been estimated to be so great, 
that a man, if he could be transported there, would be 
crushed by his ow-n weight. Yet the density of the sun 
^8 comparatively inconsiderable. It has therefore been in- 
ferred that great heat exists in the interior, enabling it to 
resist the enormous pressure exerted upon it.* If this 
mode of reasoning be applicable to the sun, it would also 
appear applicable to large planets, such as Saturn, the 
density of which is considered not much to exceed that of 
cork-t Now, if it be probable that considerable heat is, an 
antagonist force to the pressure, from the action of gravity* 
of the matter of Saturn towards its centre, preventing that 
density which it would otherwise possess, there seems no 
reason, a priori, why considerable heat should not exist 
in the interior of the earth, modifying its density. Hence, 
if this mode of viewing the subject be correct, and assuming 
that the matter forming our planet is, on the whole, muc^ 
the same as that composing another, Hrariations in the den- 
sity of the planets are greatly due to the different intensi- 
ties of heat in each. 

That many of the planets, at least all comparatively 
near the sun, possess atmospheres, se^ms nearly certain. 
Assuming this to be true, we have proof that matter exists 
at least in two states in these bodies. There is, therefore, 
no great difficulty in advancing a step further, and in con- 
sidering that matter may exist in the solid, liquid and gase- 
ous state in all the planets. How far this may also be the 
case with those minor bodies termed satellites is anoth- 
er question. It is commonly supposed that our satellite, 
the moon, has no atmosphere; there is, however, some dif- 
ficulty, when we regard the volcanic character of its solid 
surface, in considering this absolutely true. Sir John 
Herschel has observed appearances on the moon's surface 
which justify him in concluding, that on someof the lunar 
mountains there are " decisive marks of volcanic stratifica- 
tion, arising from successive deposits of ejected matter^.** 

♦ Herschel, Treatise on Astronomy, p. 239. lIHeL ^ 273. 
-JHer&ch^ Treatise on Astronomy, p. 239. 
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Now the volcanic eruptions of the moon must be very di^ * 
ferentfrom those on the surface of the earth, if they be not 
accompi^nied by the evolution of gas. If gasee be evolv- 
ed in lunar volcanic eruptions, gravity necessarily brings 
them do«vn on the moon's surface, and they can only dis- 
appear from thence, either by combining with liquid or 
solid matter, by the influence of intense cold, or by the ef- 
fect of considerable pressure. Pressure on the moon's 
surface can only arise from the attraction of the moon it- 
-self, and therefore must be altogether insufficient to pro- 
duce the effect required. Combination with liquid or sol- 
id matter must necessarily depend upon chemical aiEni- 
ties, so that, if there be any general resemblance of the 
matter of the moon to the matter of the earth, we should 
consider that some of the gases evolved would at least re- 
-quire time to combine with the superficial liquids and sol- 
ids. If, therefore, volcanic eruptions were moderately 
frequent, gases would be found on the moon's surface, pro- 
vided the temperature were not too low, on the same sur- 
face, for more than their momentary existence. 

If there be any truth in the calculations of Baron Four- 
ier, that the planetary spaces have a temperature = — 58^ 
Fahr. comparatively smaH bodies, such as the moon^ 
would radiate their heat sooner than large bodies, such as 
8aturn, supposing the various planets and their satellites 
to have been formed at the same period, — to have possess- 
ed an equal temperature, more elevated than that of the 
surrounding planetary space, — and to be composed of sim- 
ilar matter. Upon this hypothesis the moon and the earth 
•could not long preserve equal temperatures, the* former be- 
coming colder than the latter; so that great cold might 
exist on the moon, while the earth was comparatively 
warm. We might, viewing the subject in this light, sup- 
pose the temperature on the surface of the moon to be so 
depressed as to prevent the existence of an atmosphere, 
were it not for the influence of the solar rays, which must,* 
at least on those parts of the moon's surface exposed to the 
sun, counteract the effects of -the cold in the body of this 
satellite, supposing Ifeuch cold really to exist. There is, 
therefore, some difliculty in considering the moon to be 
itotally devoid of gaseous matter on its surface, if volcank 
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' action be still frequent upon it, as certain appearances 
would lead us to conjecture. 

The white spots on the poles of Mars are, it is imagined, 
due to the presence .of snow, " as they disappear when they 
harebeen long exposed to the sun, and are greatest when just 
emerging from the long night of their polar winter*." 
Now, if this opinion be founded on probability, it goes far 
to show that the inorganic matter on the surface of Mars 
may be similar to that on the surface of the Earth, and 
obeys the same laws. 

It by no means follows, if even the planets be compos- 
ed of somewhat similar materials, chemically considered, 
that all the bodies of our solar system are formed of simi- 
lar matter. We have direct evidence to the contrary in 
the luminous envelope or atmosphere of the Sun, unles* 
indeed we suppose some of the laws governing matter on 
the great scale to be brought, by design,' into visible and 
intense action on the surface of the sun, for the benefit of 
the various bodies which hold their courses round it, while 
the same laws are in a feeble state of activity, or dormant, 
in these bodies. Be this as it may, it does not follow, be- 
cause a body is wholly gaseous or composed of vapor, that 
intense heat necessarily exists in it. A highly elevated 
temperature is no more essential to the existence of that 
strange mass of light vapor, termed Encke's Comet, than 
to the existence of our atmosphere. 

Whether the materials of the planets were, or were not, 
originally, at a high temperature, the forms of these bo- 
dies seem to require the once free passage, among each 
other, of the particles of matter composing them. Now» 
this condition certainly does not exist at present on the 
surface of our earth, at least in those parts of the mineral 
crust which either protrude into the atmosphere or consti- 
tute the bed of the ocean. Hence a great change has tak- 
en place in the condition of our globe. We cannot, by 
any repetition of such effects as we now witness, conceive 
the possibility of a free passage of the particles of matter 
forming the earth among one another. When we suppose 
that seas can transport detritus from* one distant place to. 

♦ Herschel, Treatise on Astronomy, p. 279. 
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anotbeTt and remove by their action any protruding portion 
of dry .land, we assume the pre-existence of solid matter, 
and, consequently, that the particles of such matter did 
not move freely among one another. To produce an action 
of water capable of wearing away solid matter, the vrater 
must either flow on land, be projected in the shape of vraves 
ter on clifis, or cut away the ground against, or on which, 
it may rest while running- in streams or currents. It is 
clear, therefore, that solid matter must have existed before 
those rocks, commor^y termed mechanical, could have 
been deposited; and, consequently, land either rising 
above the seas, or situated at a moderate depth beneath 
their levels, must also have existed, otherwise there would 
have been no action of water on the land sufficient to have 
formed detritus. Now the cubical contents of the mechan- 
ical rocks, known to us, is immense; so that, with every 
allowance for the production of siliceous and other miner- 
als, from chemical solutions or combinations, during the 
deposit of the mechanical rocks, there remains a lar^ 
amount of matter that must have existed in a solid state 
prior to the deposit of any mechanical rock. However, 
true, therefore, it may be, that, if time sufficient be allow- 
ed, the. action of water on land would tend to produce the 
' spheroidal form of the surface of our planet, we are com* 
pelled to admit the prior solidity of land in such situations 
as would permit the removal of solid matter by the action 
of water upon it. 

There is much difficulty in conceiving the earth to have 
revolved round the sun, as a planet, otherwise than with 
a spherical or spheroidal form. To assume that it was 
once an irregular solid, of a rough and uneven snr&ce, 
and that it has been ground subsequently and externally by the 
action of water into a spheroid, seems but a clumsy hy- 
pothesis at best, and by no means accords with that sim- 
plicity which so pre-eminently distinguishes all the great 
works of creation. It would, moreover, but ill agree with 
the great mass of geological phsenomena known to ns. It 
seems fair to infer that, before the solid surface of our 
globe had been abraded by water on the one hand, or pa« 
pable of supporting deposited detritus on the other, such 
surface was spherical or spheroidal. 
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When we regard the chemical composition of that part 
of the earth which falls under our examination, we are 
struck with the enormous volume of oxygen entering into 
the composition of all portions of it, whether air, water, or 
solid rock. Oxygen constitutes about 20 per cent, of the 
volume of the atmosphere ; it forms a third part, by mea- 
sure, of the gases composing pure water; and is locked 
up to an immense amount in the various rocks which are, 
viewed on the large scale, little else than a mass of oxid- 
ized substances. We shall not be/ar wrong if we esti- 
mate silica as constituting at least 45 per cent, of the min- 
eral crust of our globe. Now silica is, according to Ber- 
zelius, compounded of 48*4 parts of silicium, and 51*G 
parts of oxygen. Hence, if the oxygen confined in silica 
alone were thrown in its gaseous state into the atmos- 
phere, the volume of the latter would be increased to 
an immense extent ; ^nd if the same substance were 
freed from the other mineral compounds forming solid 
rocks, and from the waters of the globe, the increase would 
be enormous. 

The relative abundance of either hydrogen, nitrogen, 
carbon, sulphur, or chlorine, is by no means so consider- 
able as that of oxygen. Hydrogen is known to us aa 
entering into the composition of all waters, and as evolved 
in a compound state from volcanos, from certain fissures in 
the earth, and in districts where coal is found. It also en- 
ters into the composition of coal and similar mineral pro- 
'ducts. We must measure the volume of hydrogen prin- 
cipally by the amount of water either present in the atmos- 
phere, forming seas, lakes and rivers, or mechanically dis- 
seminated among rocks. As two volumes of hydrogen 
unite with one of oxygen in the production of water, it 
follows, as'far as respects the water of our planet, that the 
volume of hydrogen is double that of oxygen. As the 
aqueous vapor disseminated in the atmosphere is continually 
varying, it is difficult to estimate its amount; indeed, wa- 
ter so circumstanced is little else than on its passage from 
one part to another of the solid or liquid surface beneath; 
80 that it can scarcely be said to belong to the atmosphere, 
though the latter, to answer one of its great objects, is never 
without aqueous vapor. 
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As far as the superficies of oar planet is concerned, wa- 
ter so predominates that, at first sight, hydrogen might be 
considered as constituting a substance of more relative 
abundance than it really does. Refore we estimate the 
amount of hydrogen in the ocean we have to deduct the 
amount of salts in solution. This is no large deduction, 
not amounting to more than 3 or 4 per cent. Regarding 
the area of the ocean, and taking its mean depth at about 
three miles, we certainly have, it must be confessed, an 
immense volume of hydrogen locked up. To this we 
must also add, as highly important, the great quantity of 
water mechanically disseminated through rocks. Much 
of this water is, no doubt, merely received from the at- 
mosphere to be again discharged in the shape of springs 
the rocks only acting as a reservoir for the time ; and cer- 
tainly a more beautiful or simple contrivance for the ferti- 
lization of the earth and the support of animal and vege- 
table life cannot well be imagined. There still, however, 
remains a quantity of concealed water which in the aggre- 
gate must be very considerable, disseminated through rocks. 
Even in those rocks which merely supply springs, the 
amount of disseminated water must be enormous ; for they 
60 far resemble filters, that they are necessarily charged 
with the fluid before they permit it to pass out. 

Capillary attraction must have great power, both in me- 
chanically disseminating water among rocks and in re- 
taining it in them when so disseminated ; it therefore keeps 
tkem, to a certian extent, saturated with moisture, and as- 
sists in promoting a more equal flow of water in springs. 
Capillary attraction and gravity no doubt carry water down 
far beyond those situations where it can be returned in 
springs, dc least cold springs, for there are certain circum- 
stances connected with those which are thermal, pointing 
to the conclusion that the water thrown up by them may 
have percolated to considerable depths. We may fairly 
consider that most rocks contain disseminated moisture, 
for there are very few which, when exposed to the proper 
heat, do not give out water. Some serpentines contain as 
much as from 12 to 15 per cent, of it. Water, moreover, 
enters into the composition of several minerals, apparently 
as a constituent part of them ; but probably its amount^ 
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frdm this cause, is not of very great comparatiye impor- 
tance.* 

The quantity of hydrogen locked up in coal and lignite 
would appear to be considerable. According to Dr. 
Thomson, cannel coal contains 21 '66 per cent, of it. The 
same author states its amount at not more than 4*18 per 
cent, in Newcastle caking coal, so that it varies materially 
as a constituent part of this mineral. If it exists highly 
compressed, and even liquid, as there is some reason to be- 
lieve, united with carbon; forming carburetted hydrogen, 
in the vesicles of coal, no small volume must occur in this 
state. In this account we must not neglect the hydrogen 
evolved from volcanos, either in aqueous vapor, or combin- 
ed with other substances in a gaseous form. It would ap* 
pear, however, that the evolution of hydrogen, either from 
volcanos, or from fissures in the rock, in the shape of in- 
flammable gases,t produces little effect on the atmosphere, 
so that either the general amount must be inconsiderable, 
or it unites with the oxygen of the atmosphere, when in 
contact with the incandescent matter of volcanos, or ex- 
posed to an electrical discharge. Upon the whole, we may 
regard hydrogen as the next important substance of its 
class, which enters into the composition of the crust of our 
globe. 

* The following is a statement of the per centum of water in all 
the simple minerals containiDg it, that usually eater into the com* 
position of rocks. The numbers are a mean of several analyses 

fiven by Beudant in his Traite Elemeniaire de MineralogU ; Pans, 
830. In all cases, except that of the Sulphate of Lime, it maybe 
doubted whether the water is an essential or an accidental ingr^- 
dieat. 

Sulphate of Lime .... 1988 

Serpentine 13-75 

Diallage 8:20 

Talc embracing steatite . . 4*20 
Pyroxene (a few varieties) . 3-74 

Mica 2-65 

auartz 1-63 

Hornblende 0-56 

4m. BA. 

t See Qeological Manual, 3rd edit., p. 151, &c. 



Digitized 



by Google 



NXTBOOEir IN TSB EARTH's CRUST.- 25 

Nitrogen is chiefly important as constituting abont 
80 per cent, of the atmosphere. Its existence in animal 
and vegetable life may be considered as secondary, that is, 
derived from the atmosphere in the Ifirst instance. There 
is also every reason to suppose that it cannot be absent 
from numerous rocks which contain the organic remains 
of animals that have been entombed living, or at least with 
their f[e3h upon them. We have direct evidence in coal thai 
nitrogen forms a portion of what may be considered solid 
rock. Dr. Thomson found it to ironstitute 15*96 percent 
of the Newcastle caking coal, and there is good reason 
for supposing that this is rather an under estimate of 
the amount of nitrogen contained in some coal, judg- 
ing at least from the abundance of ammoniacal pro* 
ducts given out from the distillation of coal in gaa* 
works. 

Carbon, independent of its existence in living vegetable 
and animal substances, is entombed to a large anrount in 
fossil vegetables and in limestone. It is contained to the 
amount of 7528 per cent, in New-castle caking coal, of 
75 per cent in Glasgow splint coal, and of 6472 per cent 
in can n el coal. It is, however, in the mass of limestone, 
occurring on the earth's surface, that we should probably 
discover the principal amount of carbon. If carbonic acid 
be composed of equal volumes of the vapor of carbon 
and oxygen, the volume of the vapor of carbon condensed 
in the calcareous strata must be very great Taking the 
specific gravity of purp limestone at 27, and estimating 
the weight of 100 cubic inches of carbonic acid at '47*377 
grains, every cubic yard of pure limestone would contain 
17092 cubic feet of carbonic acid gas*. As, however 
limestone is rarely pure over considerable areas, we shall 
probably not be fay wrong if we estimate the average 
amount of carbonic acid, locked up in every cubic yard 
of limestone, at about 16*000 cubic feet If, therefore, 
the carbonate of lime constituting not only the Ume- 

♦ This calculation is founded on the specific gravity of a very 
fare specimen of Carrara marble, sent me for the purpose by 
Mr. Cbautrey. I found the specific gravity of an average spjecimen 
of carboniferous limestone from Bristol to be= 2-75, exceeding that 
of the Carrara marble by 05. 
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Atones, but also the calcareous matter disseminated throtigb 
yarious rocks, were decomposed over the surface of the 
earth, the volume of carbonic acid set free would be im- 
mense. 

The carbon in* the atmosphere is not considerable, but 
without it vegetation could not exist. Theod. de Saus- 
«ure ascertained that 10,000 parts of atmospheric air con- 
tained, as a mean, 4.9 of carbonic acid. There is a con- 
stant discharge of carbonic acid into the atmosphere from 
numerous springs and fissures in the earth*. M. Bischof 
estimates that 219,000,000 pounds of this gas are evolved 
from the vicinity of the lake of Laach in one year, 
which, taking 100 cubic inches of carbonic acid to weigh 
47*377 grains, would give a volume of about 1,855,000, 
000 cubic feet of this gas, rising annually into the atmos- 
phere from an area of a few square miles. These consid- 
erable evolutions of carbonic acid are merely local, and 
confined for the most part to districts of ancient or active 
volcanos : yet the collective amount of such discharges of 
gas from the surface of the earth into the atmosphere must 
be far from inconsiderable, more particularly when we take 
into account the mean annual volume thrown out from vol- 
canic vents themselves. 

Sulphur must be a more abundant substance in rockfe 
than, at first sight, we might suppose. We are in the 
habit of associating our ideas of the connexion of sulphur 
and rocks more especially with volcanic products. When 
so estimated, the amount, though often locally great, is, ta- 
ken generally, not considerable. Sulphur is, however, 
widely disseminated among many rocks. As a sulphuret 
of iron, it is distributed over the surface of the earth to a 
great extent, more particularly in those rocks which I have 
elsewhere termed the superior stratified or fossiliferous 
rockst, and in those usually known as trappean. In many 
clays sulphuret of iron prevails to a great extent, and not a 
few organic remains are mineralized by it. Iron pyrites is 
a necessary and abundant substance in those shales whence 

♦ See Geological Manual, 3rd edit., Art. Gaseous Exhalations, 
t 8eo Geological Manual, ArL Classification of Rocks. 



Digitized 



by Google 



CSTLORXNE IS THE EA&TH^fl CRVSTk %t 

tlam is prepared, and thence named alum-shales. By far 
the largest portion of the ores of copper and lead worked 
in different parts of the world are sulphurets. In the state 
also of sulphate of lime, sulphur is widely spread. Noth- 
ing is more common than selenite in beds of clay, and 
gypseous masses are sometimes of considerable magnitude. 
Not only does sulphur thus occur among rocks, but it is 
also disseminated throughout the ocean, sulphate of soda 
being one of the salts constantly present in all analyses 
of sea water. M. Eichwald states that sulphate of mag- 
nesia is. a common salt in the waters of the Caspian Sea. 
We may therefore consider that sulphur is far from being 
a rare substance on the surface of the earth. 

Chlorine is principally important as disseminated 
throughout the ocean, muriate of soda being the most 
abundant salt contained in sea water, and constituting about 
2*5 per cent, of the whole saline solution. Muriate of mag- 
nesia and muriate of lime, other salts in sea water, though 
of minor importance, must still, collectively considered, con- 
tain a considerable amount of chlorine. No small volume 
of this substance must also be locked up in rock salt 
When we regard the great quantity of matter which has 
been deposited mechanically, and sometimes chemically, 
in the sea, ii is rather surprising that there are not greater 
indications of the presence of the chlorides in them than 
chemists have as yet detected. 

Of the other simple non-metallic substances, as they are 
termed, phosphorus, boron, selenium, iodine, bromine and 
fluorine, the relative geological importance is not very con- 
siderable. Phosphorus isrprincipally known as entering 
into the chemical composition of animals. Human bones 
contain, according to Berzelius, 51 04 per cent, of phos- 
phate of lime; and the enamel of teeth is stUted by Mr. 
Pepys to be composed of 78 per cent, of the same substance. 
As a component part of minerals, phosphorus is rare ; but 
therp must be some amount of it entombed in various 
fossiliferous rocks, for the fossil bones of all ages contain it. 
Dr. Turtier found 50 per cent, of phosphate of lime in a 
rib and a tooth of an Ichthyosaurus from the lias of Lyme 
Regis, and 29 percent, in a vertebra of the same creature. 
He also detected 24*4 per cent of phosphate of lime in m 
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fish palate from the carboniferous limestone of Bristol, and 
18*8 per cent* in a palate from the chalk*. 

Boron enters into the composition of several minerals, 
but they are not such as constitute great masses of rock, 
with the exception of shorl rock, not uofrequejit in some 
districts, such as Cornwall and Devon, at the skirts of the 
granitic masses where the latter come into contact with 
the states. According to calculation, boracic acid would 
form 1*79 per cent, of a shorl rock composed of equal parts 
of shorl and quartz. Boracic acid is also detected in some 
thermal springs. Selenium ia only known in such small 
quantities as to possess little geological interest. Iodine 
is probably disseminated, though in exceedingly minute 
proportions, throughout the ocean, whence it is considered 
that sponges, sea- weeds and many marine creatures obtain 
it : it is also detected in many mineral springs. Bromine 
is probably also dissecninated in all sea water ; and Dr. 
Daubeny and other chemists have detected it in many min- 
eral springs. It still further resembles iodine in its mode 
of occurrence, as it is found in the ashes of some sea-weeds 
aitd marine animals. 

Fluorine is of more geological value than the simple 
substances immediately preceding, entering into the com- 
position of some minerals which form constituent portions 
of great masses of rocks. Fluoric acid is found in mica 
and hornblende, two minerals of very great importance, 
particularly the former, as component parts of many rocks, 
the solid contents of which are, comparatively, very con- 
siderable. Fifteen analyses of mica, from various parts 
of the world, by Klaproth, Vauquelin, Rose and Beudant, 
afford, as a mean, 1 09 per cent, of fluoric acid ; and Bons- 
dorf's analysis of hornblende, from Pargas, (a fair mean 
of various analyses of hornblende from different places,) 
gives 15 per cent, of the same substance. Calculation 
alSbrds us 0*36 of fluoric acid in gneiss with mica, 
0'54 per cent, of the same substance in mica slate, 0*75 
percent, in hornblende rock and greenstone, 018 to 0*21 
per cent, in granite with mica, 0*5 per cent, in granite form- 
fid of quartz, felspar and hornblende (sienite), 065 per 

« Geological Manual, pp. 348 413. 
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cent in granite composed of quartz, felspar, mica and bora- 
blende, and 0*5 per cent, in porpbyritic greenstone*' 
Fluoric acid probably also enters, as a constituent part, into 
several trap rocks, difficult to class, but wbich there is every 
reason to conclude contain hornblende. If, therefore, we 
were certain that all micas contained fluoric acid, we might 
conclude that fluorine was not without a certain importance 
in the composition of the mineral crust of the earth ; but 
we must not forget that lithia takes the place of fluoric acid 
in certain micas. To what extent lithia micas prevail is 
not exactly known ; but there is always a possibility that, 
though their relative amount may now be considered small, 
more exact examination may find it large. Fluor spar is, 
doubtless, the mineral in whichthe greatest relative amount 
of fluorine is detected, but, geologically considered, it is one 
of little importance. 

Of the metalic bases of the alkalies and earths, silicium 
is the most abundant on the surface of our- planet, silica 
entering so largely into the composition both of the chem- 
ical and mechanical rocks. According to calculation,t 
silica is contained in the rocks enumerated beneath in the 
following proportions : 



Gneiss . . . 
, Mica Slate . . 
Hornblende rock 
Chlorite slate 
Talcose slate . 
Compact felspar 
Granite . . . 
Schorl rock . . 
Greenstone 
Hypersthene rock 
Basalt . . . 
Pitchstone 
Serpentine . . 
Diallage rock 



per cent. 
7006 to 71-86 
61-94 to 73-07 

. : . 54-86 
. . . 6371 

. . . 7815 
51-00 to 60 00 
63-96 to 74-84 
. . . 6801 

. . . 54-86 
59-14 to 61-85 
44-50 to 59 50 
72-80 to 7300 
4200 to 4307 
68*42 to 60.55 



♦ Geological Manual, pp. 440, 441, and 449, 450. 
t Geological Manaal, p. 440—443, and p. 449—454. 



Digitized 



by Google 



M iLhvuivivn IM THE earth's crust. 

In pure quartz rock silica would be the sole ingredient. 
When quartz rock is composed of equal parts of quartz 
Rnd felspar, silica would form 82 per cent, of the constit- 
uent parts. It is also abundant in the rocks of decidedly 
mechanical origin. The greater part of the immense 
mass of conglomerates, sandstones and slates known as 
graywacke, is composed of silica. The same with the 
old red sandstone (if it be considered a separate rock from 
graywacke), the coal measures, the various rocks known 
as the new red sandstone, numerous beds of sandstone 
and clay in the oolitic group, the various sands and sand- 
stones of the Wealden rocks and of the cretaceous group, 
and numerous rocks of the supracretaceous group. It is 
often disseminated among the calcareous beds themselves, 
evenjto a considerable amount. This is well seen in por- 
tions of the chalk where the flints, constitute nearly one 
third of the whole mass. Many other limestones contain 
silica, as the lime-burners some times find to their cost, 
the lime and the silica forming, from the heat of the kiln, 
silicate of lime. 

Next to silicium, aluminium would appear to be th© 
most important base' of the earths on the face of the globe. 
dts collective amount is by no means so great as that of 
:«ilicium, but it is quite as widely spread. Even limestones 
are rarely so pure as to be without it ; many indeed con- 
tain it in considerable quantity, and are valuable for waters- 
setting purposes in consequence. By calculation,* alu- . 
mina wourld exist in the rocks enumerated beneath in tbo 
following proportions: 

per cent; 

Gneiss ^ . . . . 15-20 

Mica slate . . . 1308 to 15-45 
Hornblende rock . . . 1 5 56 

Chlorite slate 895 

'- Talcose slate .... 13-20 
Compact feldspar 1500 to 39 00 
Granite .... 1037 to 1432 

Schorl rock 1791 

Greenstone 15*56 

• Geological Manual, Art. Inferior Stratified Rocks, and Unstrat- 
ified Rocks. 
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Hypersthene rock . . . 10*5^ 

Basalt .... 1 1-50 to 1675 

Pitchstone . . 10 84 to 11 50 

Diallagerock . . 13. 14 to 13*86 

There is scarcely any among the mechanical rocks that 
does not contain alumina. It constitutes the hase, as is 
well known, of tbe various clays and must be regarded 
as a very abundant and important constituent part of rocks^ 

Potassium and sodium appear to be the next most im* 
portant metals of their class. Potash is more abundant 
than soda as an ingredient of rocks, and can only, not- 
withstanding its name, be considered as existing in a sec- 
ondary condition in vegetation, that is, the potash of plants 
is derived from the decomposition of rocks containing that 
substance. . Though very widely disseminated, its amount, 
collectively considered, is very inferior to that of silicium 
and aluminium. There are few, if any, of the inferior 
stratified rocks without potash ; and it may be stated, as a 
fair approximation to the truth, that it constitutes from 5 to 
6 per cent, of such rocks, viewing them in the mass. It 
is more or less abundant, according to circumstances, in 
almost all the decidedly detrital rocks. Indeed, we can 
scarcely consider it otherwise than present in the greater 
proportion of mineral masses. It may be calculated that 
potash constitutes between 6 and 7 per cent, of the mass 
of granites, and about 7 per cent, of greenstone and rocks 
of that class. 

Sodium is chiefly important in rocks from its presence 
in certain felspars, thence named soda felspars : these con- 
stitute a component part of certain of the gneiss family. 
and of granites. Soda is found in schorl and certain hy- 
persthene rocks, in some eurites, in trachytes, pitchstones, 
basalts, and some diallage rocks. Beudant found that it 
amounted to 59 per cent, in a basalt from Baulieu. There 
can be little doubt that a large amount of soda is thus lock- 
ed up in rocks, particularly when we include the masses of 
rock salt, discovered in different parts of the world ; but 
it would appear to be most widely disseminated in the 
ocean, constituting an essential part of the 4)rincipal salt 
dissolved in its waters. 
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Magnesium* and calcium ar^ the substances which ap- 
pear to succeed in importance : of the two, magnesium is 
probably the most abundant. Magnesia is present in all 
the inferior stratified rocks, with the exception of quartz 
rock (without mica) and certain eurites or compact felspars. 
In the detrital rocks it is also common, particularly when 
mica forms any considerable portion of them. There are 
few limestones which do not contain magnesia: in some it 
is abundant, as in those termed magnesian limestones. 
It is an essential ingredient of dolomite, properly so called, 
carbonate of magnesia constituting more than 40 per c^nt 
of that rock. Magnesia is also disseminated through the 
waters of the ocean, muriate of magnesia forming from 
•004 to 005 of their mass. 

The relative value of calcium is more apparent in the 
more modern than in the more ancient rocks ; for although 
it is always found in gneiss, mica slate, chlorite slate, tal- 
cose slate, clay slate, eurile, and hornblende rock, it is al- 
ways in very small quantities, with the exception of , the 
last, in which it amounts to 729 per cent; taking the, oth- 
ers as a whole, it would not form more than '55 per cent, 
of the mass. In this account we have neglected the lime* 
stones and dolomites associated with the inferior stratified 
rocks. They form a very small portion of such rocks, 
and would not add greatly to their collective amount of 
lime ; but they are important, as the lime exists as a car- 
bonate in them, while in the others it is in the condition of 
a silicate. Lime is found in all granites, and with the ex- 
ception of the granite with hornblende, in very small quan- 
tities. It is also discovered in greenstone and all trappean 
rocks, in hypersthene rock, basalt, pitchstone, serpentine, 
diallage rock, and trachyte. There has been occasion 
elsewhere to remark,* that the relative iusibility of the ig* 
neous rocks depends upon the amount of silicate of lime 
found in them, and therefore that rocks containing much 
hornblende or augite are more readily acted on by heat 
than the others. Lime is more abundant among the fossil* 
iferous rocks, particularly towards the central and higher 
part of the series, where it chiefly exists as a carbonate, 
liime is also disseminated through sea waters, though 

* Geological Manaal, p. 454. 
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in small quantities ; so that calcium is widely distriboted 
in land and water, being principally abundant in the cen- 
tral and higher parts of the fossiliferous rocks, and widely 
dispersed in small quantities throughout the more ancient 
rocks, and in tie waters of the ocean. 

The other bases of the alkalies or earths, barium, stron- 
tium, glucinium, yttrium, thorium, zirconium and lithium, 
occur in quantities too small to be of geological importance, 
with the exception perhaps of lithium, which may be con- 
tained in more micas than is generally supposed. 

Of all the metals, the oxides of which are neither alka- 
lies nor earths, iron and manganese are the most impor- 
tant, geologically considered. Calculating the mean of 
thirty different kinds of rock, and neglecting iron ores, 
properly so called, of every kind, iron constitutes, as an 
oxide, 5'5 of the lowest stratified rocks, amounting to 14* 
72 per cent, in mica slate with garnets, and 1531 percent, 
in chlorite slate. It forms 12*62 per cent, in hypersthene 
ro(jk^ and about 20 per cent, in basalts. Oxide of iron con- 
stitutes between 2 and 3 per cent, of the mass of granites 
and gneiss, and between 3 and 4 per cent, of the mass of 
greenstone and the more common trappean rocks. When 
we consider the large amount of iron which exists either 
in the state of an oxide, a carbonate, a carburet, a silicate, 
or a sulphuret, therefore, including all iron ores of impor- 
tance, and also regard the proportions which the various 
rocks bear to each other, we shall probably not err greatly 
if we estimate iron as constituting about 2 per cent, of the 
whole mineral crust of our globe. It is remarkable that 
manganese is almost, though not quite, as widely dissem- 
inated through rocks as iron, the proportions in which it 
enters into their composition being, however much smaller. 
There is scarcely a rock without iron, and there are very 
few which do not afford some trace of manganese ; except 
however, in the places where its ores are worked, the lat- 
ter exists only in minute quantities. Its calculated amount 
is greatest in mica slate with garnets, where, as an oxide, 
it forms 1*23 per cent, of the constituent parts of the rock. 
Taking rocks generally, manganese cannot be estimated 
as forming more than 03 or '04 per cent, of the mass. 

The other metals, such as tin, copper, lead» zinc, ar- 
3 
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senic, silver, gold, &c. are, when we view rocks in the 
mass, of little geologfical importance: they are principally 
found in veins. When regarded with reference to their 
presence in such veins, and their general mode of occur- 
rence, they possess very high geological interest, but their- 
relative amount among the substances composing the crust 
of the earth must be inconsiderable. Chromium is so fre- 
quently discovered among rocks of the serpentine family, 
that there may be some connexion between them, and it is 
possible that the color of these rocks may partake of the 
green tint of the oxide of chromium. Titanium may also 
be more widely disseminated than is supposed, for it is a 
common accompaniment of iron ores. The manner in 
which it is discovered in some, is a strong proof that met- 
als may be widely disseminated, and yet escape detection, 
unless large masses of the substances containing them be 
subjected to chemical action*. 

The principal substances entering into the chemical 
composition of our planet's surface may be classed in ihe 
follownng order, according to the respective importance 
of each. 



1. Oxygen. 

2. Hydrogen. 



Simple non-metallic substances. 



3. Nitrogen. | 5. Sulphur. 

4. Carbon. 6. Chlorine. 



7. Fluorine. 

8. Phosphorus 



Metallic bases of the alkalies and earths. 



1. Silicium. I 3. Potassium. 

2. Aluminium. 4. Sodium. 



5. Magnesium. 

6. Calcium. 



MeialSf the oxides of which are neither tarths nor al- 
kalies. 
1. Iron. I 2. Manganese. 

It would therefore appear that sixteen substances, com- 
monly considered simple, constitute by their various com- 
binations, if not entirely, at least by far the largest amount 
of, all the matter which, either gaseous, liquid, or solid, 
organic or inorganic, is known to exist on the surface of 
the earth. 

• 

* Minute crystals of titanium are discovered in the slag Horn. 
large iron works, more particularly from those of Merthyr TydviL 
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CHAPTER IL 

There is so much grandeur and simplicity in the idea 
of the condensation of gaseous matter into those spheres or 
spheroids wiiich exist, not only in our solar system, but 
also by myriads throughout the universe, that we are irre- 
sistibly led to adopt some view of this kind, more particu- 
larly as it would accord with the unity of design so evi- 
dent throughout creation. Encke's comet, that remarka- 
ble body of vapor which revolves round the sun in about 
3 1-2 years, proves, by its existence, that gaseous matter 
or vapor, of extraordinary tenuity, may float around our 
■^ great luminary in given times, and in a given orbit, check- 
ed only by a resisting medium of still more extraordinary 
tenuity. There is therefore no argument, a priori^ against 
the hypothesis that the mailer composing our globe may 
once have existed in a gaseous state, and in that state have 
revolved round the sun. We might even go further, and 
consider, with La Place, that our whole solar system is 
but a condensation into parts, doubtless from design, of 
that matter which now constitutes the suni the planets and 
their satellites, — ^matter which rotated on an axis, and 
hence the fact that all the planets move in the same di- 
rection. In support of this view, let any one weigh the 
evidence recently adduced respecting nebulse, more par- 
ticularly by Sir John Herschel*, and he will have some 
difficulty in resisting the impression that these bodies are 
enormous masses of matter in the act of condensation. If 
all the matter existing in the sun, planets and satellites 
were expanded to, and even beyond, the orbit of Uranus, 
the whole mass would still be but a speck in the uni- 
verse. 

Heat wpnld act the part of an antagonist force to the 
condensation of the matter composing our globe, suppos- 
ing it to exist in a gaseous state. It would not only tend 

♦ Phil. Trans. 1833, and Treatise on AstroDomy. 
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to resist the action of gravity, but also the attraction of 
chemical affinity. Now, if it be highly probable, as has 
been previously observed, that heat to a certain extent re- 
sists the action of gravitation in the sun, Jupiter, and Sat- 
urn, there is nothing unphilosophical in the inference that 
heat has resisted, and may continue to resist, in a minor 
degree, the action of gravitation in our planet. We shall 
have occasion to show, from other reasons, that the latter 
inference is highly probable, and if so, from the nature of 
things, a greater and a previous resistance is not less so. 

The- probable effects resulting from a mixture of all ter- 
restial matter in the state of gas or vapor it would be ex- 
ceedingly difficult to appreciate, inasmuch as we are unac- 
quainted with the matter beneath the crust of the globe ; 
and even if we were, the necessary calculations would be 
30 intricate, that it is extremely doubtful if our actual 
knowledge could carry us to the end desired. Let us, 
however, for a moment consider what might be some of 
the effects of diminished temperature on the principal sub- 
stances constituting the earth's crust, including the seas« 
lakes, rivers and atmosphere, and see how far the calculat- 
ed effect might accord with the present distribution and 
condition of such matter. 

So long as matter exists in the state of gas or vapor^ 
there is reason to conclude that the different kinds would 
be permeable to each other ; at least experiments on gases 
would lead to this inference. Hence, supposing, for the 
sake of the argument, that the heat were sufficiently in- 
tense, the simple non-metallic substances, and the vapors 
of the various metals, would tend to mix with one another. 
This condition of things would not continue to the exter- 
nal parts of the sphere or spheroid, the existence of which 
we now suppose ; for the temperature would become less, 
from various obvious causes, at the outer parts, and the va- 
pors of a great proportion of the metals would cease, from 
want of the necessary heat, to exist. They would tend to 
condense and to separate from the mass of the non-metallic 
simple substances, neglecting for the moment any chemi- 
cal affinity which may exist between the metals and cer- 
tain of those substances. A condensation of the particles 
of metallic vapors would cause them to lose their support 
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among the partieles of gaseous. matter, and the action of 
gravity would tend to carry them towards the centre of the 
sphere ; hut as they could not pass beneath the point where . 
the heat would again convert them into vapors, we should 
obtain an inner sphere or spheroid of metallic vapors, 
striving to condense, surmounted by a body of the non-me- 
tallic simple substances, which could readily exist, some 
even ,to the extreme superficies of the whole sphere or 
spheroid, at a greatly inferior temperature*. We miist 
not here neglect the action of gravity. It has been assum- 
ed, that the heat being sufficient to counteract this action 
to a certain amount, all terrestrial matter was gaseous. 
The struggle between these antagonist forces would be 
most powerful, for as the volume of gaseous fluids is in- 
versely as the pressure to which they are exposed, the 
pressure upon the internal portions of the gaseous *sphere 
or spheroid would be enormous, and therefore, when, from 
that ra^diation of heat which must take place into the cold 
planetary spaces, gravity came forcibly into action, liquids 
and solids would necessarily result from this cause alone, 
and particles of matter be squeezed together, even into 
liquids and solids, in the interior, which would retain a 
gaseous form on the surface at the same or higher tempet- 
atures. 

If we consider that the attraction of chlorine for metals 
is greater than that of oxygen, it does not at first sight ap- 
pear probable that when a diminished temperature permit- 
ted the metals to become either liquid or solid, they should 
unite with oxygen, (as we find has been the case in the 
mass of the older rocks,) in preference to chlorine, when 
both were equally present, independently of any combina- 
tions formed when the metals were in a state of vapor. 
As a constituent part of the globe's surface, the volume of 
chlorine is greatly inferior to that of oxygen, if both only 
existed in a gaseous state^ 

It is considered that chlorine and hydrogen, in the dark 
and at common temperatures, may remain together, as 

♦ It is not intendsd to infer from this view that the non metallic 
simple sabstances could not exist beneath, or intermingled with the 
inner sphere or spheroid j but merely that a mass of such substance 
jrose above it externally. 
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gases, for any length of time without combining, notwith- 
standing the powerful affinity of the former for the latter, 
which is so great that chlorine will decompose water by 
the action of light, to unite with hydrogen. In the ease 
we have supposed these substances would neither be in 
the dark, nor exposed to low temperatures. They would, 
however, not be alone together; they would be mixed with 
other simple non-metallic bodies and with metallic vapors. 
Now if chlorine should unite, in consequence of its great 
attraction for metals, with their vapors, the union would 
probably not continue after the formation of water or aque- 
ous vapor. For, if the most abundant metals should have 
a strong affinity for oxygen, as silicium, aluminium, po- 
tassium, sodium, magnesium and calcium have, the water 
or aqueous vapor would probably be decomposed, the hy- 
drogen going over to the chlorine, and the oxygen to the 
metal. Thus a large amount of the chlorides would dis- 
appear, and oxides would be abundant, independently of the 
direct formation of the latter by the union of oxygen with 
the metallic bases of the earths and alkalies. The union 
of the chlorine and hydrogen would form muriatic acid 
gas. This combination once formed, the value of chlorine 
pver oxygen in its attraction for metals is destroyed, and 
the two latter can freely unite, as they have done, in the 
production of great masses of rock, which are, as has been 
previously noticed, iittle else than metallic oxides. 

The absence of the chlorides from rock masses, (if we 
except rock salt, the production of which must be consid- 
ered as resuhing from secondary agency,).is very remark- 
able, and agrees with the above hypothesis. 

Hydrogen unites with few metals, and among them po- 
tassium is the only one of importance to our present sub- 
ject. It, however, possesses a strong attraction for oxy- 
gen. Ahhough it does not unite with oxygen, even when 
mixed in the proper proportion of two to one, at ordinary 
temperatures, except by the electric spark, by flame, or a 
body heated to bright redness, it nevertheless does quietlj 
combine with that substance, when they are exposed to a 
temperature above the boiling point of mercury, and below 
that at which glass begins to appear luminous in the dark. 
Hydrogen also silently unites with oxygen, by a succea- 
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sion of electric sparks, when diluted with too much air to 
explode by the same means; and spongy platinum causes 
hydrogen to combine slowly with oxygen, even when 
mixi^d with one hundred times their bulk of oxygen gas*. 
The power of oxygen and hydrogen gases to unite quiet- 
ly, even when mixed beyond the proportions in which 
they exist in water, without the necessity of explosion, is 
an important consideration in our present inquiry, because 
it seems to point out the possibility of producing water by 
slow means when a large amount of oxygen, a less pro- 
portion of hydrogen, and a still less amount of nitrogen 
were mixed together, with minor proportions of a few oth- 
er substances ; in fact, under conditions which might exist 
in the exterior parts of the gaseous sphere or spheroid un- 
der consideration. 

If water or aqueous vapor were produced, either quietly 
by some such means as those above noticed, or more sud- 
denly by explosions, it would be speedily seized upon by 
the muriatic acid gas, from the well known powerful affin- 
ity of the latter for water ; an attraction so strong, that the 
mere escape of this gas into common air causes a dense 
white cloud, from its immediate combination with the aque- 
ous vapor in the atmosphere. 

When we view the present distribution of the principal 
substances constituting the earth's surface, including the 
ocean, we are struck with the fact, that while sodium ex- 
ists both in rock and water, it is principally as a chloride 
in the latter, while it is united with oxygen in the former. 
Indeed, the mass of chlorine is combined with sodium 
and dissolved in the waters of the ocean, for rock salt is a 
secondary production, not found in the oldest stratified 
rocks. Chloride of sodium is also not uncommon in min- 
eral springs. The chlorine of marine vegetation can only 
be considered in a secondary light, and cannot enter into 
our present calculations. It does, therefore, seem proba- 
ble that there was once a condition of the globe when chlo* 
tine by combining with hydrogen and sodium,and hydrogen 
by uniting with oxygen, laid the foundation of the actual 
ocean, omitting for the present the consideration of the muri- 
ates of magnesia and lime, which, with the sulphate of soda, 

• Turner's Elements of Chemistry, 4th edit. p. 219. 
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also exist in minor proportions in the wsters of the sea. It 
is worthy of observation, that however hypothetical the 
gaseous condition of our planet may be, it does not direct- 
ly oppose any serious obstacle to the production d|f an 
ocean in which the great amount both of hydrogen and 
chlorine should be combined ; for even supposing that, 
from intense heat, such combination would not in the first 
instance be absolutely liquid, it must necessarily become so 
when the radiation of heat was sufficiently advanced to 
permit the existence of a moderately cool solid beneath it. 
By this hypothesis we at once dispose of the chlorine and 
hydrogen ; for the latter, like the former, only exists in a 
secondary condition among rocks. 

Nitrogen presents little difficulty. It seems principally 
designed to correct an excess of oxygen in the atmosphere, 
and to enter into the composition of certain of the organic 
substances which exist in it. Hence, probably, the reason 
why nitrogen does not constitute a portion of masses of 
rock, except where they contain organic remains. From 
the beginning, nitrogen, viewed in the large scale, would 
probably not combine to any extent with liquids or solids, 
until the atmosphere was finally fitted for the existence 
of animal and vegetable life. When organic exuvi© 
were entombed and became portions of rocks nitrogen 
also entered into the composition of the mineral strata. 
It does not occur as the component part of the older 
rocks. 

Carbon is so rare among the older rocks, that under 
whatever conditions they have been produced, some bar to 
its union with the lime, magnesia, potash, soda and other 
substances contained in them-must have existed, even when 
it was combined with oxygen in the shape of carbonic 
acid. Carbon would, under the conditions we have sup- 
posed, most probably combine with oxygen, and produce 
this acid. Now the absence or, rather, comparative rarity 
of the carbonates among the older strata, and the preva* 
lenee of the silicates in the same rocks, seem to point to 
the prevalence of considerable heat at the time when the 
minerals composing them were first formed ; for though 
the carbonates can be readily fused beneath pressure, the 
necessary force must first exist, and the state of things we 
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have been contemplating^ would Bc&r<^e]y permit this, at 
least at the beginning* or on the outer portions of the 
sphere. Supposing an union of carbon and oxygen 
in th^ proper proportions, and carbonic acid the result, be- 
ing gaseous, it would readily permeate the other gases and 
vapors, and would have a tendency to float, mixed with 
them, in the higher or outer parts of the sphere 
or spheroid, while, from the radiation of heat, consoli- 
dation was proceeding in the inner portions,so that it might 
eventually constitute a considerable part of an atmosphere 
principally composed of nitrogen and oxygen. As it 
is no part of our intention to conceal difficulties, it must be 
stated that to suppose carbonic acid originally and in a 
great measure confined to a gaseous envelope of our plan- 
el, docs not well accord with the production of limestones, 
' nor with the evolution of this gas from volcanos, fissures 
in the earth, and from springs. It would, indeed, accord 
with the views of M. Aqoljphe Brongniart, who, to ac- 
count for the early vegetation of our planet, considers the 
atmosphere to have once been more impregnated with car- 
bonic acid than at present. That this has been the case is 
highly probable, more particularly when we regard the 
amount of carbon entombed in coal and fossil plants, which, 
from analogy, we consider to have been principally derived 
from the atmosphere. To account, however, for various 
geological phaBnomena, we require carbon as well beneath 
the crust of the earth as on its surface. 

Sulphur is so readily volatilized, that it would be kept 
in the state of vapor, as far as regards mere temperature, 
after a considerable radiation of hedt ; but there are other 
conditions that must be considered. The vapor of sul- 
phur would endeavor to combine with oxygen, and the 
result would be sulphurous acid; and this again, if aque- 
ous vapor be present, would become sulphuric acid. The 
sulphates are not coll^tively abundant in rocks ; they are 
unknown among the inferior stratified rocks, though sul- 
phide of lime is not rare among the fossiliferous strata. 
The vapor of sulphur would also strive to unite with the 
metallic vapors and produce sulphurets ; but so long as 
the heat was great, and oxygen present, this would be a 
difficult combination, for there is a tendency in all sulphu- 
rets to decompose under such conditions, however refrac- 
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tory, Id this respect, some sulphurets may be when expos- 
ed to mere beat. The principal sulphurets contaioed in 
the older rocks are iron pyrites. 

With respect to fluorine and phosphorus, the former bat 
a powerful affinity for hydrogen ; and we can scarcely 
consider it to exist without endeavoring to combine, when 
in contact with it. Phosphorus is so little important as a 
constituent portion of land, air, or water, except as a com- 
ponent part of some of the organic exuviae entombed in 
the fossil iferous rocks, that we might disregard it in a 
general view like the present, did it not constitute so im- 
portant a part of the bones of animals; and hence it is 
not a little interesting to inquire as to the manner in which 
it probably existed prior to the period when it was required 
as a portion of organized life. This does not readily sug- 
gest itself; and it is merely noticed for the purpose of pro- 
moting investigation. 

If there be any approximation to truth in supposing 
that the metallic vapors would be arrested, by diminished 
temperature, at a certain height above the centre of the 
gaseous sphere or spheriod, and an inner spherical or 
spheroidal crust the result, the oxygen on the upper sur- 
face of the latter would combine more readily with the 
metals than on the under surface, from the difierence of 
temperature. The oxides would tend sooner to consoli* 
date above from the same cause, and to exclude the metals 
beneath from the action of the oxygen, which, from the 
high temperature of the interior, would be far more dense 
above than towards the interior, where, indeed, even sup- 
posing the metallic vapors to mix with the other substances 
as gases do, the oxygen would be of extraordinary tenuity. 
Hence, there might eventually be, from the radiation of 
heat, an oxidized solid crust surmounted by a gaseous en- 
velope, in which oxygen was present, covering a still 
heated interior, comp6sed ofmetallic^substances but slight- 
ly mixed with oxygen and other simple non-metallic sub- 
stances. This hypothesis would therefore produce a 
condition of things that would accord with the theories 
both of central heat and of the existence of the metallic 
bases of various substances beneath the crust ot the globd» 
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the oxidation of which may now produce many geological 
phsnoroena. 

We have been induced thus to enter at some length up- 
on the hypothesis of a sphere or spheroid^ composed of the 
matter of the earth rendered gaseous by intense heat, sole-^ 
ly to promote further inquiry. Fully to discuss the sub- 
ject would be most difficult. It would require very com- 
plicated calculations respecting the action of gravity,. heat, 
electicity and chemical affinity under such conditions; 
but irf finally, anything like a fair approximation to the 
present state of the earth^s surface could be deduced from 
such calculations, a most important advance will have been 
made in theoretical geology. 

Although a free passage of the particles of terrestrial 
matter among each other seems necessary to the produc- 
tion of the earth's figure, (an object of the first geological 
importance, however convenient it may be for those theories 
to neglect it to which it is fatal,) it by no means follows 
that this matter should have been altogether in a gaseous 
state in the first instance. A gaseous envelope, and a li^ 
quid metallic nucleus, would produce the efrec<:s required 
equally well, particularly if we suppose an internal 
heat so intense as to prevent the oxidation of the metallic 
nucleus except on the surface. An oxidized crust would 
bar the progress of oxidation except through cracks and 
fissures, and thus many geological pbsenomena would bs 
explained. In fact, we should still have a condition of 
things favorable to an union of the theories of central heat, 
and of the chemical action of oxygen upon the metallic 
bases of certain earths and alkalies. The mean den- 
sity of the earth being about double that of the oxidized 
mineral crust, it appears too little for the condensation of 
the same kind of oxides by pressure, from gravity, towards 
the centre. We may therefore consider the interior of 
the earth to be heated, if metallic, in order to account fyt 
the density. 

It has been opposed to this view, that potassium knA sod- 
ium, important substances in the earth's crust, are too light 
to produce the efifect required, the density of potassium 
being only 0*865, that of sodium 0972. Now, if we admit, 
for the sake of the argument, that all metals are capable of 
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anitin|[ with eAch other in certain proportions, prodaciog, 
numerous alloys. It does not follow that they can do so at 
all temperatures ; the process of obtaining pure silver by 
amalgamation is a well-known example to the contrary, 
for though it depends upon the afHnity of silver for mercu- 
ry in the first instance, this would be entirely useless if 
the mercury could not be readily volatilized by heat, and 
thus leave the silver. Hence, we may not only conclude 
that the more volatile metals, such as potassium and s^ium, 
would be driven to the outer portions of the metallic sphere 
or spheroid by. great heat, t)ut that they would have much 
difficulty in forming alloys if the temperature be very elevat- 
•ed, and from this cause also would be driven to the sur&ce, 
where a large portion of them would readily become oxid- 
ized, and possess the density of such compounds. Conse- 
quently, the small density of such metals as potassium and 
.Sodium would have little weight as an arguipent against 
the supposition of a metallic nucleus in our planet, one in 
which an elevated temperature still prevails, thus render- 
ing the mass of comparatively small density, not exceeding 
the mean usually assigned to it. 

As we have elsewhere* accumulated the various &cts 
observable on the earth's surface, which render such a cent- 
ral heat highly probable, it would be superfluous to adduce 
them here : it will therefore be sufficient to state the gen- 
eral results. 1. Numerous experiments In mines show, 
notwithstanding their liability to error from various causes, 
an increase of temperature from the surface downwards, 
that is, from those depths where the action of the solar rays 
ceases to produce a variable heat, which, taking the experi* 
ments made in the vaults beneath the Observatory of Paris 
as a guide, would be from 60 to 80 feet. 2. Thermal 
springs occur in all parts of the world, and among all va* 
rieties of rock. They are generally discharged on the 
surface through fissures or cracks, produced by disrupting 
causes at various geological periods. 3. The temperature 
of the water in those perforations into the earth's surface 
named Artesian Wells, is found to increase with the depth, 
whence it occurred to M. Arago that the temperature of the 

* Qeological ManuaJi p. 6—^. 
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earth at different depths might be ascettaiTied by them. 4. 
Terrestrial temperature, at small depths, does not coincide 
with the mean temperature of the atmosphere above it. 
Wahlenberg remarks, and Kupffer confirms the observa- 
tion, that many deep-rooted plants only flourish in the north- 
ern regions, because the mean, temperature of the earth 
exceeds the mean temperature of the air in such situations. 
The experiments of Von Buch, Humboldt, Hamilton, 
Hunter, Smith and Ferrier tend to show that the tempera- 
tare of common springs in the tropics is beneath the mean 
of that of the air in the same places. 5. Igneous matter 
has been ejected at all periods from the interior of the 
earth. 6. Active volcanos occur widely spread over the 
sarface of the world, and present, in their general phaenom- 
cna, so close a resemblance to one another, that they may 
be considered as produced by a common cause, and that 
cause deep-seated. 7. Geological phaenomena attest a 
g^eat decrease of temperature on the surface of the globe.. 
8. The water of seas and lakes merely arranges itself ac- 
cording to its greatest specific gravity, and therefore, in gen- 
eral, would afford little evidence- in favor of, or against, 
central heat. There is, however, an increase of tempera- 
ture with the depth in many places in Wgh latitudes which 
does not accord with the arrangement of water according* 
to this law. It may be assumed that such increase of tem- 
perature, interfering with the densities, is due to heat in 
the bottom beneath, which, though sufficient to produce 
a visible effect upon waters so closely approaching their 
maximum density as those in high latitudes, is insufficient 
to be apparent beneath warm climates. 9- A decreased 
temperature of the earth would, by radiation, and in accords 
ance with the views of M. Elie de Beaumont, produce the 
various mountain ranges and fractured strata found on the 
surfece of our planet. 

When all these circumstances are taken into considera- 
tion, and we add the probability that heat counteracts the 
effects of gravity in the sun and certain planets, and that 
the free passage of the particles of terrestrial matter among 
one another was necessary to produce the figure of the earth, 
the evidence in favor, not only of a central heat at present, 
bat also of a heat of far greater intensity at reraote^geological 
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epochs, becomes exceedingly strong; so strong, indeed, 
that there is some difRcuity in resisting the impression that 
we have, by various means, made as fair an approxima- 
tion towards the tro^th, as the nature of the subject will 
admit 

It may here be remarked, as not a little curious, that 
geologists who are unwilling to admit the probability of a 
central or internal heat, still call in the aid of very intense 
heat, acting very generally over the earth's crifst, to ac- 
count for various geological phaenomena. Some go so far 
as to consider that all the inferior stratified rocks have been 
deposits precisely similar to those now going on, even to 
have contained organic remains, and that their present 
character is due to the agency of great heat, which pro- 
duced the necessary alteration. Without stopping to 
notice the physical and chemical objections to this view, 
it may be observed that the inferior stratified rocks 
being widely spread, with common characters, over the 
face of the globe, this hypothesis requires as high a 
temperature, and a heat as widely diffused, as the advo- 
cates for a central heat could possibly desire; a tempera- 
ture, indeed, which, if this process be still considered in 
full force, would exceed that which their calculations 
would afford them. 

While on the subject of the early condition of our plan- 
et, it is not a little interesting to observe the effects of pres- 
sure upon gases, as shown by Mr. Faraday.* The fol- 
lowing table exhibits the pressure and temperature at which 
the gaseous substances enumerated beneath became liquid 
in his experiments : 

Sulphurous acid gas ... 2 atmospheres at 45® F. 

Cyanogen gas 3*6 45 

Chlorine gas 4 .60 

Ammoniacal gas .... 65 50 

Sulphuretted hydrogen gas . 17- 50 

Carbonic acid gas ... 36 32 

Muriatic acid gas ... 40 50 

Nitrous oxide gas ... 60 — 45 

^ Phil. Trans. 1823. 
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It is impossible not to be struck with the fact that chlo- 
rine gas is liquefied by so small a pressure as that of four 
atmospheres at a temperature of 60^ while muriatic acid 
gas requires a weight equal to forty atmospheres to pro- 
duce the same effect at 50®. So that while oxygen and 
hydrogen gases resist all the attempts which have been 
yet made to force them into a liquid state, chlorine gas 
requires but a small pressure for its liquefaction. This 
alone is an important element in calculations respecting 
such conditions of terrestrial matter as we have above sup- 
posed. It is no less interesting, that sulphurous acid gas 
becomes liquid under the very small pressure of two at- 
mospheres, and that a compound of nitrogen and carbon, 
constituting cyanogen gas, is reduced to the same state by 
a compressing force equal to 36 atmospheres. Thus, 
though oxygen gas cannot by any means heretofore em- 
ployed be compressed into a liquid, yet when united with 
an equal volume of the vapor of sulphur, it merely re- 
quires a pressure equal to two atmospheres, at a moderate 
temperature (45o Fahr.), to produce this effect; and nitro- 
gen, not yet rendered liquid by pressure in its simple state, 
readily takes that form, beneath a small weight, when 
united with twice its volume of the vapor of carbon. 
Again, hydrogen gas, which in its simple state has resist- 
ed all attempts to compress it into a liquid, is no sooner 
united with nitrogen, in the proportion of three measures 
of the former to one of the latter, producing two measures 
of ammoniacal gas, than the small pressure of 6*5 atmos-* 
pheres, at the moderate temperature of 50° Fahr., will 
force it into a liquid state. Now this latter fact is very 
remarkable, for it shows that while a large proportion of 
hydrogen, by its union with a minor proportion of anoth- 
er simple non-metallic and, in the respect under consider- 
ation, highly refractory substance, produces a readily li- 
quefied compound, an union of equal volumes of hydrogen 
and chlorine, the latter the only sip:iple substance of its 
kind easily rendered liquid by pressure, produces a com- 
pound requiring forty atmospheres for its liquefaction. 
We must not here forget that water, the union of two gas- 
es which resist all our attempts to condense the:m by pres- 
«ure, is liquid beneath a weight still less than that of one 
atmosphere. 
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Nov7 it is important, in a geological point of view, to 
remember, that a very moderate increase of temperature 
causes g^ases liquefied by pressure to boil, and that the re- 
moval of the necessary compressing force produces violent 
explosions in some ; so that if considerble heat should 
act upon certain of these liquid gases, carbonic acid, for 
instance, entombed in an uncombined state among rocks at 
moderate depths under the surface of ihe earth, the super- 
incumbent matter would be rent and fractured, if the resist- 
ance above were unequal to the expansive force of the 
heated gas beneath. 

To produce the liquefaction of the gases enumerated in 
^ the foregoing table would require, even for nitrous oxide 
gas, no great depth of rock. To show this more clearly, 
let us estimate the depth of water (neglecting the combin- 
ations of the gases with it)> necessary for the same, pur- 
pose, taking the above experiments to be, if not absolutely 
true, very close approximations to truth. Estimating the 
height o( a column of water equal to. the pressure of an 
atmosphere, in the usual way, at 34 feet, and neglecting 
the saline contents of the sea, and the compression of the 
water itself at great depths, both of which would cause 
the same effects to be produced at less depths, we find 
that 

Sulphurous acid gas could not exist beneath 68 feet, at 45° F. 

Cyanogen gas 123 45 

Chlorine gas 136 60 

Ammoniacal gas ....... 221 50 

Sulphuretted hydrogen gas .... 578 50 

Muriatic acid gas . . . • . • • • 1360 50 

Nitrous oxide gas ...!.. 1700 45 

As carbonic acid gas requires a pressure of 36 atmos- 
pheres, at 32® F., for liquefaction, it cannot enter in this 
table, which supposes the water to be fresh, and consequent- 
ly solid at 32°F. A greater amount of pressure would of 
course cause this gas to become liquid at a more elevat- 
ed temperature ; but we have every reason to conclude 
that deep masses of fresh water always remain at a tem- 
perature between 39 and 40**, that at which such water is 
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most dense, so that we may suppose carbonic acid would 
remain gaseous, as far as mere pressure is concerned, 
beneath all the known fresh-water lakesof the world, their 
depths being insufficient to produce the effect required: it 
is otherwise, however, with the waters of the ocean. Ac- 
cording to M. Erman, salt water of the specific gravity of 
1027 diminishes in bulk down to 25° F., and does not reach 
its maximum density before congelation. Dr. Marcet's ex- 
periments also point to. a similar result, 22® F. being ac- 
cording to this author, the temperature at which sea-water 
reaches its maximum density. Carbonic acid gas would 
therefore become liquid, as far as regards pressure, beneath 
204 fathoms of sea-water, the temperature of which was 
32© p These conditions may readily exist in high lati- 
tudes ; indeed, Captain Ross, found, in lat. 60° 44' N., and 
long. 59° 20' W., a temperature of 29<* at 200 fathoms, 
28° at 400 fathoms, and 25° at 660 fathoms. Other ob- 
servers, however, give a more elevated temperature for 
the deep waters of high northern latitudes. 

If we estimate the mean density of the mineral crust 
of the globe at 25, which is probably less than the truth, 
we find that sulphurous acid, cyanogen, chlorine, ammon- 
iacal, and sulphuretted hydrogen gases would be squeezed 
into liquids beneath 250 feet of rock, while the same effect 
would be produced upon muriatic acid gas at 570 feet, 
upon nitrous oxide gas at about 750 feet, and upon carbon- 
ic acid gas at 1300 feet, allowance being made in each 
case for the increased temperature found at increased depths. 
These are important considerations, which not only have 
weight when we consider the early conditions of our plan- 
et, but also when we regard the chemical changes now 
in progress beneath the immediate surface of the earth, 
and which are manifested by various discharges of gase- 
ous matter into the atmosphere. 
4 
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CHAPRER III. 

As there is great difficulty of conceiving any other than 
the igneous fluidity of our planet previous to the consoli- 
dation of its surface, and as fluidity seems essential to the 
figure of the earth, it has been sugested that the earliest 
transition from a liquid to a solid state, consequent on the 
radiation of heat, would take place at the equator, and that 
masses of th« solidified crust would float upon the incan- 
descent fluid beneath.* The fluid mass would necessarily 
be influenced by tides; therefore, so long as the solidified 
crust was too thin to resist the effects of this cause, it 
would be broken up into fragments, the precursors of those 
of which the solid surface of our globe is eveiy where 
composed. It may surprise many of our readers, but it 
is nevertheless true, that when the snrface of England is 
minutely examined, we find there is scarcely any area of 
eight or ten square miles in extent which has not been 
fractured, or broken up into minor portions, by causes that 
have acted at various geological epochs. What is thus 
true of England is found to be also generally true of the 
whole surface of our continents and islands when examined 
with the necessary attention. Sometimes a more modern 
deposit may mask a surface broken into fragments, the 
former not having been yet acted on by disrupting forces ; 
hut when rocks, on which such deposits rest, are ex- 
posed by denudation of any kind, either in ravines or over 
a certain extent of horizontal area, they will be found frac- 
tured. 

There must have been inequalities in the earths's sur- 
face from its earliest consolidation. The radiation of heat, 
and the necessity of the exterior solid crust conforming to 

* Groizet et Jobert, Recberches sur lee Qssemens Fossiles da De- 
partment dn Pujr-de-Pome, 1828. 
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the fluid surface beneath, could not have done otherwise 
than produce them. Hence M. Elie de Beaumont's the- 
ory of the elevation of mountain chains, which rests on 
the necessity of the earth's crust continually diminishing 
its capacity^ notwithstanding the nearly rigorous constancy 
of its temperature in order that it should not cease to em- 
brace its internal mass exactly, the temperature of which 
diminishes sensibly, while the refrigeration of the surface 
is now nearly insensible.* 

Waving for the present the consideration of mountain 
chains, it will be sufficient to consider thdt inequalities 
have existed on the surface of the earth from the earliest 
times. If we now suppose the solid surface sufficiently 
cool to support water, that water could not do otherwise than 
act both chemically and mechanically upon it. The chemical 
action Would be increased by any heat which might still re- 
main in ike supporting solid substances, and evaporation 
would be extensively carried on ; so that the more elevated 
parts being,] n all probability,thecoolest,and therefore the con- 
densation of aqueous vapor readily taking place upon them, 
running waters would be established, and a wearing away 
of the exterior portions the necessary consequence. It 
might be supposed that the external parts of the cooled 
-crust, composed of various oxidized, mater j^ls, would be 
vitreous, and therefore difficult of removal ; but we have 
only to recollect that the vitreous character of igneous 
products is merely the result of rapid cooling, in order 
to see that, so far from this being the case under the 
conditions we have supposed, the necessary slow cooling 
of the crust would produce a Large crystallization of the 
different substances, and, consequently, a surface by no 
means difficult of decomposition or removal. 

It has been much debated whether the inferior stratified 
rocks, such as gneiss, mica, islaie, &c., have been mechan* 
icallv or chemically produced; that is, whether they have 
resulted from the deposit of abraded portions of pre-exist- 
ing rocks mechanically suspended in water, or have been 
chemically derived from an aqueous or igneous fluid 
in which their elements were disseminated. 

• Geological Manual, Art. Elevation of Mountains, p. 488. 
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STRATIFICATION. 



Before, however, we proceed in this inquiry, it becomes 
necessary to investigate what is generally understood 
by the words 'strata ' and 'stratified,' and to see how far 
'cleavage* may be confounded with them. A 'stratum' 
may, perhaps, be strictly defined to be, a bed of rock, 
the upper and under surfaces of which are parallel 
planes, in all cases where the bed is not perpendicular, 
but when it is so, then the vertical surfaces jvould be |.;ir- 
allel planes. 

This definition is found to be far too rigid for practical 
purposes, and hence rocks have been termed stratified 
when divided into beds, the upper and under surfaces of 
which are.not strictly parallel planes, as is seen in the fol- 
lowing diagram, representing a section of several beds, 
<*, b, c, d and e, which would be usually termed strata. 



Fig. 1. 



b 

c 
d 

e 



Now irregularity of stratification shows irregularity of 
formation, «nd hence becomes an element in inquiries re- 
specting the original production of any given stratified 

rock. Strata having their upper and under surfaces nearly 
parallel would seem to require extraordinary tranquillity 
for their deposition, assuming, for the sake of the argu- 
ment, that all strata have been deposited. This would be 
equally true whether they were chemically or mechanical- 
ly produced. The contrary woiald hold good with every 
irregular stratification which may be inferred to result 
from variations or disturbances in the chemical or me* 
chanical action that produced the rocks thus character- 
ized. * 

, Chemical deposits would take place from solutions sat* 
urated with any given substance, from changes among the 
substances in solution, or from new matter introduced into 
them, which should produce insoluble compounds. The 
moment a substance becomes insoluble, it is mechanically 
suspended in the fiuid containing it, and hence will fall 
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more or less rapidly to the bottom, according to its relative 
specific gravity and volume. All chemical changes in a 
fluid do not, however, necessarily produce horizontal de- 
posits from it ; for, as is well known, pipes conveying min- 
eral waters from place to place are often found incrusted all 
round. This certainly may be due to the traquillity aris- 
ing from the friction of the sides, which will not permit 
the water to pass so rapidly by them as through the centre 
of the pipe; but the incrustation on the top is sufficient to 
show that a chemical deposit may take place against gravi- 
ty. Numerous crystalizations from saline solutions are 
produced equally on the sides and bottoms of the vessels 
containing them, though they may be more abundant on 
the latter than oti the former. Hence cheiiiical deposits 
may take place on the large scale, and the resulting beds 
give rise, by the mode in which they repose on other rocks, 
to Uie most deceptive appearances. 

Fisr. 2. 




Let a, in the annexed figure (Fig. 2), be the surface of 
a fluid, such as the sea, from which the beds b have been 
chemically deposited upon the preexisting surface, c d oi 
the stratified rock c c. If one of those relative changei^ 
of levels so well known to geologists should now take place, 
by which the beds i should be raised above the surface 
of the sea, there would be some difficulty in deciding 
whether the upturned appearance of the bedsiatcw^s 
due to the protrusion of the mass of d, or whether the 
rocks b were originally deposited in the relative position 
then found. To' decide that the tilted character of the beds 
b was due to forces acting from beneath would be evident- 
ly wrong in this case. We should therefore exercise aomo 
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caution in our theoretical decisions when stratified crys- 
talline rocks are thus circumstanced. 

A mechanical deposit may also give rise, though in a 
minor degree, to the same deceptive appearances. If water,, 
containing mechanically suspended matter, move suddenly 
with a moderate velocity from off shallow into deep water^ 
the resulting stratification will be inclined, even amounting 
in favorable situations to 40° 

Fig. 3, 




/ / 



Let a b (Fig. 3.) be the surface of water moving over 
the surface of a rock beneath, i t, with sufficient velocity 
to transport pebbles about one or two inches in diameter, 
so that they cannot repose on the plane i c. It will be 
clear that they will fall over into the deep water, where 
they will arrange themselves in strata of high angles,//, 
being removed from the velocity of the current, which 
passes on in the direction c d. They will fall over into 
comparatively still water, and therefore arrange themselves 
according to gravity, and the support, that one pebble may 
afford to the other above it. Mr. Yates and Mr. Lyell 
have very properly called attention to this mode of stratifi- 
cation.* 

Let us suppose, as in the diagram before us, that the 
rock h was stratified in the same manner, (having the same 
dip and direction as the newly formed beds //,) and that 
the relative level of water and land should so change that 
the beds //and the rock h rose into dry land, and were 
exposed, as a section, in a ravine, the surface effheing 
concealed. It might be inferred that the beds/ /and the 

♦ Yates, "Remarks on; the Formation of Alluvial Deposits," 
Edinburg New Philosophical Journal. July 1831 j and Lyell, Prin- 
ciples of Geology, voi. lii. p. 169. 1833. 
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rock h had been raised by the same elevating movement, a 
supposition in this case evidently incorrect, as the bedsjf/ 
have not been raised at all ; and if the rock h had been 
tilted up, it was done previous to the existence of the con- 
glomerate beds// 

We have above supposed that pebbles were moved by 
the current, or stream, over the surface i c] let us now 
consider that sand only is thus transported. If the same 
velocity of water continued as before, the sand v\ould evi- 
dently be shot forward over the e^ge i, and could by no 
means arrange itself in as highly inclined beds as- the peb- 
bles. The finer the sand, the longer it would be finding its 
way among the particles of still, or comparatively still, 
water, out of the influence of the superincumbent current. 
The smaller, therefore, the grain of the sand, the more 
horizontal would be the resulting strata, and the greater the 
amount of the fining off at their upper edges. We should 
thus have, supposing the current to carry forward gravel, 
sand and finely comminuted matter, a tendency in them all 
to form beds of various degrees of inclination, the gravel 
beds rising at the greatest angle, and the silt beds being the 
most horizontal. 

If, instead of a stream or current sufficiently powerful to 
carryforward pebbles, we suj!)pose on^f merely able gently 
to move sand over the edige of a high steep bank into deep 
water, so that the sand should fall grain over grain, the 
one resting upon the other, and not mechanically suspended 
in water ; we should obtain strata of sand rising at a com- 
paratively high angle. 

The natural situations in which circumstances would 
be analogous to those above noticed are more numerous 
than might at first sight be supposed. It has been remark- 
ed by Mr. Yates,* that strata of this highly inclined char- 
acter would be produced in certain lakes by the protrusion 
of detritus where the fall was suddenly into deep vvater. 
The same author observes, that similar effects would be 
produced at the termination of deltas, where it also falls 
into deep water. This would be the case with that of the 

♦ Yates. " Remarks on the Formation of Alluvial Deposits,** 
Edinburgh I^ewPhilosophlcal Journal, July 1831. 
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Ganges, if the detritus were not too comminuted, and 
forced forward with such rapidity as to be carried on in 
the body of the discharged waters, and thus be spread over 
a considerable area, in beds nearly approaching to hori- 
zontality. There are, however, numerous situations off 
the edges of what are termed soundings, or minor depths 
of water, on many and extensive lines of coast, where we 
can imagine the effect of the current but barely sufficient 
to push grains of sand over a steep bank, thus causing the 
formation of 'Strata of sand with an inclination of from 15° 
to 30®.* Minor effects of this cause are constantly obser" 
vable on the shifting banks of rivers, and are to be foundt 
as has been often observed, in almost all sandstone rocts* 
The formation, therefore, of moderately elevated strata* 
upon a large scale, is precisely what we should expect un- 
der favorable circumstances. 

What has been here stated leads to other and important 
conclusions respecting the formation of mechanical strata ; 
and did we know with certainty the amount of force re- 
quired to carry forward different kinds of detritus, we 
might proceed to calculate with some precision the vari- 
ous velocities required to transport, and deposit, given 
kinds of detrital matter over planes inclined at various 
angles. Here, however, our data fail us. We have no 
experiments on which we can implicitly rely respecting 
the specific gravity and form of detritus which water, with 
a given velocity, will move on a horizontal surface. It has 
been stated that a velocity of six inches per second at the 
bottom will lift fine sand ; eight inches, sand as coarse as 
linseed ; and twelve inches, fine gravel; while it requires 
a velocity of twenty- four inches per second to roll along 
rounded pebbles an inch in diameter, and three feet per 
second to sweep along shivery angular stones of the size 
of an eggt» It will readly strike the reader that the rela- 
tive specific gravities of the substances to be transported 

* Mr. Yates has also remarked on the abrupt traDsition from shal- 
low into deep water off many coasts : " Remarks on the Formatioa 
of Alluvial Deposits." Edinburgh NewPhilosophical Journal, Julv 
1831. 

t Encyclopsedia Brittannica, Art, River. 
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ifoald greatly modify these effects ; but taking the above 
&tateinent as affording the best approximation that we can 
at present find, we may proceed to certain general conclu- 
sions. 

All the velocities enumerated above may be readily found 
in most rivers, particularly when their beds are moderate- 
ly inclined, or when they are swept by freshes or sudden 
rushes of water. Detrital matter, varying in the manner 
stated, would therefore be transported, to be here and there 
deposited, or swept onwards, as ihe case might be. Cir- 
cumstances, however, become altered, when we regard the 
extensive deltas of great rivers, large estuaries, or the open 
sea. Here we find more moderate velocities of moving 
water, and consequently a diminished transport of all but 
the finer detritus over considerable distances and areas, at 
least viewing the subject with reference to the known ve- 
locities of water in such situations. 

We will not here repeat what we "have elsewhere stated* 
respecting the great improbability that streams of tide, or 
oceanic currents, can transport any other than fine detrital 
matter, sand, silt, or mud, except very locally in some nar- 
row channels, or off projecting headlands, where bodies of 
water are compelled, from the peculiar form and resistan- 
ces of land, to move at rates greatly exceeding their usual 
or mean velocities. If exact data fail us in regard to the 
velocities necessary to transport detrital matter of various 
kinds by water, they are also sufficiently rare respecting 
the depths at which ocean currents act. The only direct 
experiment of any importance as yet made to ascertain 
this point is that of Captain Belcher oflf the west coast of 
Africa, in latitude 15° 27' 9" N. and longitude 17<» 31' 50" 
W. He concluded from it that the current moved with 
nearly the same velocity (0 75 mile per hour,) at the depth 
of forty fathoms as on the surface. Now this velocity, 
supposing it to act upon the bottom, and the foregoing calcu- 
lations rejpectingthe power of transport to be correct, would 
carry forward fine gravel (making due allowance for the 
differences of statute and nautical miles,) though it would 

•Geological Manaal, Art.^ Transporting Power of Tides and 
OorrentSi pp. 110, 112. 
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be insuf&cient to roll along rounded pebbles an inch in di- 
ameter, which require a velocity of about 1*J nautical mile 
per hour. 

If we could rely on the transporting powers of water 
above noticed, we might proceed to calculate the effects of 
various streams of tide or oceanic currents of depths equal 
to, or less than, forty fathoms, inferring what might take 
place at greater depths. But, even assuming that the 
statement alluded to is a fair approximation to the truth, 
there is an element of very great importance which must 
enter into all such calculations : that element is friction. 
Now the friction of moving water on the bottom over 
which it flows is very considerable ; and no current or 
stream of tide can have the same velocity on the surface 
and on any bottom it may pass over. If such were not • 
the case, the tidal waters round most coasts would be a 
mass of turbid waters. In point of fact, the retardation of 
flowing waters by friction is so great, that streams of tide 
with a surface velocity of two miles per hour, and there- 
fore sufficient to transport (according to the calculations 
above quoted,) angular shivery stones of the size of an egg^ 
pass over sand, and even mud banks, at the depth of a few 
fathoms, without removing them.* 

It would be exceedingly desirable to have more direct 
evidence, from careful observations on the passage of tidal 
waters over mud, sand and other banks, of the amount of 
friction which prevents their removal. Those accustomed 

* It is not aJittle carious to observe how many fish, trout, for in- 
stance, avail themselves of the effect of friction on the sides and 
bottoms of rivers. They usually prefer a certain velocity of water, 
and therefore employ a given amount of muscular exertion to re- 
sist,it; but when, from rains, the volume and velocity of the rivers 
are increased, the fish either sink deeper in the stream or approach 
the sides, where they regain the former velocity, one which re- 
quires no greater amoont of muscular exertion than they habitu- 
ally emplov. Without this retardation of water by friction, the 
fish would be swept out of rivers by freshes, as actually took place 
from the effects of a hurricane, and therefore an extraordinary 
cause, in Jamaica. The fall of rain was so great in the hurriftane 
of 1&15, that it swept all the fish out of the Yallahs river, one which 
descends rapidly from the high land of the Blue, St. Andrews, and 
Port Royal Mountains ; and it was considered, ten years after- 
wards, that there were no fresh-water fish in that river. 
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to navigate among, or otherwise observe, sand-banks at the 
mouths of estuaries, must often have observed how, when 
a falling tide throws the body of ebbing water into numerous 
channels, forming banks, the edges of such banks begin 
to suffer removal by the action of the stream upon them. 
Yet the cutting effect of friction is still very inconsidera- 
ble, less than we might expect it lo be } and. attentive ex- 
amination will often show that a ripple or surface motion- 
of the water is as destructive as the wearing action 'of the 
moving mass of water, which is readily observed to be less 
near the bank than at a short distance from it. In such 
situations, also, the different velocities of watter, caused by 
friction on the bottom, may be easily seen before the tid& 
falls sufficiently to leave the banks dry. Still or slow mov- 
ing water will be apparent over the s.hoal places, shortly 
to become dry, while the body of the tide, not being able 
to move so freely over so large a surface as before, runs 
with greater velocity (unless the time be near low or slack 
water), over those parts of the area which are deep, and 
^re in fact the proper channels of the river. Every boat- 
nan knows that if he keep close to the coast or bank 
when the tide is adverse to his course, he makes more way 
than when he keeps off, making every difference in cases 
where the tides run strong, whether he does or does not 
reach his destination during that particular ebb or flow of 
tide, as the case may be. 

Now it is important to bear these facts in mind, as they 
show that when streams or tides pass over sandy bottoms, 
even with a velocity of two or three miles per hour with- 
ip a few feet of suoh bottoms, the moving water does not 
carry away the sand to any great extent, because there are 
interposed strata or beds of water which move with a ve- 
locity in an inverse ratio to the proximity of the bottom. 
This retardation is caused by friction ; and without it, the 
numerous marine creatures inhabiting mud, sand and 
shingle bottoms and banks would be unable to exist ; they 
and their retreats would be swept away and transported 
from .place to place by every tide. Thus in this instance, 
as in every other in nature, design is apparent. Various 
marine creatures live in mud and sand ; the destruction of 
rocks takes place, and the necessary detritus thus produc* 
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ed is distributed at various depths over the bottom of the 
sea ; but if streams of tide or currents could readily cut 
up the mud and sand so deposited, this accumulation of 
detrital matter for the abodes of such marine animals would 
be useless ; and therefore provision is made that it should 
be comparatively stable. 

We must now notice a very important element in all 
calculations respecting both the production and transport 
of detritus. This element is the action of waves, knoxVn, 
when they dash on shore, by the name of breakers. This 
action has often, from the want of proper attention, been 
confounded with that of streams of tide currents, in situa- 
tions where the velocities of the latter were utterly unable 
to produce the effects observed. Hence many erroneous 
impressions respecting the destructive and transporting 
powers of tides and currents. When land rises above the 
level of the sea, the action of breakers tends constantly to 
destroy and remove it: when land is low and only rises 
to the same level, the same action tends constantly to throw 
detrital matter upon it. There is scarcely any considera- 
ble line of coast which does not afford evidence of both these 
facts. An inexperienced observer could not doubt the de- 
structive action on coasts ; but he might be inclined to 
doubt the piling up of detritus by the sea, thus affording 
protection against its own ravages, when he sees high 
banks and sand hills rising above the sea-level. A littfe 
attention would, however, soon show him that the fact is 
AS here stated. 

Waves are generally considered as mere undulntions of 
water, the particles of which rise and fall nearly in the 
same places, communicating movement to other particles, 
and thus producing vibrations. This view of the subject 
may be correct enough as regards those waves which are 
produced by disturbing causes in the body of the water 
itself, or by throwing a stone into the water, resembling 
the vibrations of the air in the propagation of sound. 
The waves caused by the winds on the ocean must be re- 
garded in another light. They are produced by the fric- 
tion of the' atmosphere on the surface of the sea. No 
doubt the mere vibratory motion is still in great force, but 
the superficial particles of water, in contact with the wind. 
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are necessarily forced forward by friction, and surface mo- 
tion is produced, tlie velocity of which- depends upon the 
strength or power of the wind on the one hand, and the 
resistance of the particles of surface water on the other. 
Every one knows that currents are produced by prevailing 
winds ; the monsoons in the Indian and Chinese seas af- 
ford the mo^ complete evidence, if any were wanting, of 
this fact. Now this could not happen if the friction of the 
wind on the surface of the sea did not cause a forward 
motion of the waters of that surface in the direction of tho 
wind. 

Those who have experienced heavy gales oh the ocean 
know full well that the water on the summit of waves, 
thrown forward by the action of the wind, has tremendous 
forward force ; a forward force extending downwards in 
the wave in proportion to the velocity of the wind above. 
Hence those fatal accidents to vessels on the open ocean 
when a heavy wave, or sea as it is termed, strikes a ship, 
and sweeps every thing before it. We should carefully 
distinguish between such waves and those undulations of 
water, however large, technically termed swells, which 
are merely the vibratory portions of waves that always 
travel with far greater velocity than the particles of water 
actually propelled forward. These extend far beyond the 
areas traversed by the winds which have caused the waves, 
and nothing is more common on the open ocean than the 
appearance of a swell from a quarter whence there has 
not been any wind. 

The swell is merely an undulation of the water that 
travels beyond the areas swept by the winds which pro- 
duce the waves, or that remains in those areas after the 
wind has ceased to act upon them. These vibratidns do not 
in themselves cause any forward movement of the water. 
To them such theories as those of Bremontier, £my and 
othef%, which suppose either a succession of vertical or 
elliptical movements of the particles of water, may be ap- 
plicable. But the surface \^^ater in waves produced by 
strong winds is clearly propelled forward, the wave break- 
ing from the resistance of the water beneath in the open 
sea upon the same principle which it does on cpasts, with 
this only difference in the effects, that on coasts, the resist 
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imce heing solid, the broken wave rushes forward further 
than it can do when it breaks on a fluid resistance, as it 
does in the vopen aea. While, there/ore, powerful winds 
act on waves, the latter are compounded of undulations, or 
vibrations, and of surface water forced forward by the 
friction of the moving mass of air above them, while when 
there are no winds causing friction, waves are mere vibra- 
tions. The heavy surf and rolling coast swells, more 
particularly observable on the shores of islands in large 
oceaias, such as at the Isle of Ascension, St. Helena, the 
Cape de Verd Islands, &c., are evidently vibrations caus- 
ed by the continued action of various winds on the surface 
of a large body of water, and propagated even through 
water which to the eye appears tranquil. It is not until 
the proximity of land or ehoal water offers resistance that 
the vibration becomes -checked, and is first indicated by a 
rolling swell, which, rushing en the shore, breaks* and 
thus that vibration is terminated, as far as the particular 
coast line extends. Of course these vibrations would be 
brought to rest, like those producing sound in the air, by a 
sufficient distance from the disturbing cause ; but the case 
of an open ocean vexed and harrassed by a multitude of 
winds in various parts of its area, is like the air on the 
surface of the country kept in constant agitation by a mul- 
titude of 8ound« on such surface, so that when one shall 
cease in one situation, another shall commence in another 
part of the area. 

Both waves and swells necessarily disturb the particles 
of water beneath, to greater or less depths according to 
their magnkude. The approximative depth to which this 
disturbance extends is by no means clear: those who 
have treated on the subject vary much in their esti- 
mate. M. Eray contends that it extends to the depth of 
500 feet on the Banks of Newfoundland.* It is no easy 
matter to obtain the necessary data on this head, for the ap- 
parent disturbance of a bottom will depend upon the kind 
of matter of which it majr be composed, whether mud, 
jsand, gravel or solid rock. Moreover, when such disturb- 
ance takes place, it may not be known to those above, un- 

♦ Emyj Mouvement des Ondes, Paris 1831, p. 11. 
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less they endeavor to obtain, by proper instruments, water 
at different depths, and see when it becomes charged with 
detrital matter ; for the agitation of the water may not 
be so great as to cause the disturbed bottom of sand or mud 
to rise high in the sea. Be this as it may, water is evi- 
dently discolored by the action of considerable waves on 
bottoms of sand and mud, around most coasts, at the depth 
of about 15 fathoms, particularly when a heavy gale pre- 
vails for some hours : thus giving time for the detrital mat- 
ter to be shaken, as it were by continued agitation up to the 
surface. 

The mud and sand thus disturbed, and mechanically 
suspended in water, ^\ould return again to their places, or 
n^rly so, when a svveil subsided in moderately deep water, 
though it would be otherwise nearer coasts, where from. 
the great resistance of the bottom there is a forward mo- 
tion of the water and a breaker the result. Then the mud, 
sand or gravel would be propelled onwards, necessarily 
towards the land. The effect of waves driven forward by 
the action of the wind would be more complicated : the 
transporting power of the surface would be in the direction 
of the wind producing the waves. Now the amount of 
<}etritus that could be thus forced forward, supposing it to ' 
be mechanically suspended up to the surface, would de- 
pend upon the depth to which the onward movingf water 
jextended, and this again would depend upon the strength 
and prevalence of the winds producing the waves. As 
prevalent winds produce currents, our next inquiry is as to 
the depths to which such currents are felt. Here again 
exact data fail ns. The experiment of Capt. Relcher off 
the coast of Africa, previously noticed (p. 57), shows 
us that a current was not much impaired in velocity 
at the depth of 40 fathoms, and certain circumstances 
in other situations would lead us to expect that they may 
extend to at least 80 fathoms. If, therefore, from the ac- 
tion of waves, a bottom be disturbed, the detrital matter 
thus mechanically suspended in water may be moved on- 
wards in the direction of a current, produced also by the 
same action. The amount of mechanically suspended 
matter committed to the moving mass of water would de- 
pend upon the shallowness of the sea and the strength of 
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the prevalent wind on the one band, while the distance 
to which it would be carried would be in proportion to the 
depth and velocity of the current on the other. 

We must here consider an observation by Mr. Babbagre, 
which though not applicable to the part of the world se- 
lected by him for illustration is yet true in principle. He 
. observes, that if mud, mechanically suspended in water, 
sink through one foot of that water in an hour, it will be 
carried by a current, moving at about the rate of three 
miles an hour, a distance of 1500 miles before it has sunk 
to the depth of 500 feet.* Now although the velocity here 
given to a current is not likely to be otherwise than local, 
still the general principle must be borne in mind. It would 
be curious to calculate, when from ordinary friction a sand 
or mud boitom cannot be moved by a current, how far it 
could be disturbed by the action of waves, and the mud 
and sand be carried forward in the one case, when it could 
not in another. 

As winds on shore produce waves which gradually 
increase in the intensity of their transporting powers in 
proportion to their approach to the land, and as off-shore 
winds cause calm water close to land, and do not produce 
waves of importance until a certain distance from it, the 
tendency of the greater proportion of motion caused by 
waves round coasts is to throw detritus on shore. The 
long lines of shingle beaches, and of dunes or sand-hills 
in front of low-lands, are ample evidences of this fact.f 

We now come to the destructive action of waves on land. 
This constitutes the greatest general force of all those em- 
ployed by nature for the degradation of that land which 
rises above the level of the sea. The force of a breaker 
is little known to those who have not experienced or watch- 
ed its effects. Its crushing power is in heavy gales so 
great, that large vessels, unfortunately wrecked, are speed- 

• Babbage, Economy of Manufactures, 2nd edit., p. 51. 

t It was considered useless to repeat here all the eircamstances 
attending the formation of shingle beaches, sandy beaches and 
dunes, which are noticed under those heads in the Geological Man- 
ual, and therefore many interesting facts are here omitted. Thosie 
which are, however, thus omiued, do not much affect the question of 
various kinds of stratification to which the remarks in the text ul- 
timately lead. 



Digitized 



by Google 



DE8TRUCTIVB ACTION OF WAVES. 65 

ily reduced to fragments and small vessels are sometimes bro- 
ken, in two by a single blow of a breaker. We are not, there- 
fore, surprised to find that large blocks of rock are easily 
washed about by breakers, as was well shown at Plymouth 
during the severe gales of 1824 and 1829, where masses 
of limestone from 2 to 5 tons in weight were rolled about 
on the Breakwater like pebbles, and a piece of masonry 
weighing 7 tons was washed back 10 feet,though it formed a 
part of the pier in Bovey Sand Bay, and stood 16 feet above 
an 18 feet spring tide.* These, no doubt, are the effects of. 
extraordinary agitation of the water ; but the more gener- 
al effects of breakers are still, collectively viewed, very 
considerable. They scoop out by their continual action all 
those parts of coasts which are soft, if the latter only rise a 
few feet above the sea-level. Sand, slightly aggregated 
sandstones, and clays, soon disappear when brought by sur- 
face changes within their destructive iofluence. 

Fig. 4. 



i 

g 

Let ^ / in the above diagram, represent the level of the 
sea ; a, a breaker falling on the shore, and cutting away 
soft 'sandstone or clay strata at the cliff c. These easily 
disintegrated rocks would evidently be speedily cut back 
in the direction c d, and the solid matter composing them 
would be removed back to the sea, to be transported by the 
power of the tides or currents, as the case may be. Let 
us suppose that, previous to the existence of this state of 
things, the surface of the rock now in the act of rempval 
formed a' continuous line e d, and that this line of surfec* 
has been elevated from above the line g h, by forces acting 
from beneath, and which have raised the mass of rock* 

* Geological Manual, p. 82. 
5 
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bodily upwards. While the surface of the rock was at 
g A, it was out of the destructive action of the breakers, 
but it might have been situated within their piling influence, 
that is, supposing the form and other circumstances con- 
nected with the land in the prolongation of the bed to have 
been favorable. The moment, however, the elevation took 
place, so that the line of rocky surface, e d, should cross 
the sea-level, h f^ the destructive action of the breakers 
would commence, and the removal of the soft sandstone or 
clay would be the result. 

When clay or other eafeily disintegrated rocks, forming 
coasts, are thus cut away, the depth to which such matter 
is excavated is not considerable. This is well shown on 
the north coast of Kent, where, as is well known, the cliffs 
of London clay, near the Reculvers, are continually wash- 
ed away by the breakers, so that the land must have once 
been far more extensive than at present, the sea having gain- 
ed ground at its expense. Historical documents show this to 
have been matter of fact. Now it appears that the sandbanks 
in face of the coast are not covered to any great depth by 
sand. Beneath a few feet clay is found, most probably a 
continuation of the London clay of the sea-cliffs. So that, 
if we consider this clay to have been cut down by the ac- 
tion of the breakers, it would appear to be now to a certain 
degree protected from further excavation. 
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CHAPTER IV. 

Rivers more or less charged with detritus, derived by 
various causes from the land,* flow out into the sea, parti- 
cularly during freshes. It hasbeeh found that water, even 
thus circumstanced, is, in almost all cases where attention 
has been given to the subject, specifically lighter than the 
sea- water into which these rivers deliver themselves. The 
relative specific gravity necessarily depends on the relative 
amount of matter mechanically suspended in the water of 
the river. Few good experiments have been made to as- 
certain this point ; indeed, it is one which requires consid- 
erable attention. It is not sufficient to ascertain the mean 
annual amount of water passing down a river, and by ta- 
king a portion from a particular part of it, see the per- 
centage of solid .matter mechanically suspended in it ; it 
must also be recollected that on the velocity depends the 
transporting power of the water. In those places, therefore, 
where the velocity is greatest, the transporting power is 
greatest. The greatest velocity is necessarily on the sur- 
face ; and supposing the bed of the river an uniform curve, 
rising from a central depth to the banks on each side, it 
would be at equal distances from the banks on either side. 
Now detritus which could only be carried forward by the 
central stream, would be stopped in its passage by the 
next curved stratum of water, if I may so express myself. 
It would, beyond the mere impetus it received when it en- 
tered into this stratum, tend to come to rest at the bottom. 
The resistance of the particles of water in this stratum it 
would take a certain amount of time to overcome, during 
which the stratum of water itself would have passed on- 
wards, so that the detritus will gravitate through it in a 
kind of parabolic curve, which might be calculated, if the 
depth, relative velocities of the strata of water, and kind of 
detritus mechanically suspended, were known. 

* Geological Manual, AH. Degradation of Land. 
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Let the above diagram represent a section of a river, 
d^ c, A, a, A, c, dy with its banks g, g, the bottom of the bed 
being at/, a will be the central stream of water, having 
the greatest velocity and consequent transporting power. 
The stratum of water b, b, would have less velocity, and 
therefore less power of transport. The stratum c, c, would 
have still less ; and it would be least in the stratum d, d, 
touching the sides and bottom of the river-bed g.f, g, where 
the friction, causing retardation, is greatest. In the above 
figure the strata of water are, for the purpose of illustration, 
represented as thick, whereas we must in reality consider 
them as exceedingly thin. 



Fig. 6. 




Let a, h, c, d, (Fig. 6.,) represent a longitudinal section 
of strata of water, corresponding with the same strata in 
the cross section, fig. 5. Assuming that the motion among 
the particles of water in the central stream a, is sufficient 
to keep some given detritus mechanically suspended, pre- 
cisely as sediment is kept suspended in a vessel containing 
water by a certain amount of the agitation of such water, 
it would flow on, sinking but slightly from the action of 
gravity. Let us now suppose that, either from the action of 
gravity, a surcharge of mechanically suspended matter, 
or the friction of the beds or strata of water upon one another 
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causing retardation, a portion of the detritus enters the 
«tra^tura 6, where the velocity is insufficient to keep it me- 
cbanically suspended; gravity now acts with great force, 
and the particles of detritus tend to settle perpendicularly 
downwards. The particles of water offer such resistance 
in the stratum b, that the latter has passed from kXol (fig. 
6.,) before the detritus can traverse b, and the stratum c. 
The velocity of c being, however, less than that of b, the de- 
trital matter, in traversing through c, only passes horizon- 
tally from I to m. From the like causes, in traversing the 
stratum d, the detritus would only pass from m to /a before 
it came to rest on the b6ttom/. We should thus have the 
curved line i n (fig. 6.) for the fall of the detritus from 
the central stream to the bottom. 

It will be evident that if it takes nearly equal times lor 
the detritus to traverse the strata b and c (fig. 6>), supposing 
them to be equally thick, while they tifansport it unequally, 
the lower stratum carrying it a short comparative distance, 
there will be an accumulation of detritus in the lower 
strata ; consequently, the nearer the bottom, the larger 
would be the amount of the detritus we should expect to find. 
Experience teaches us that this is also the fact. It may 
now be said that if we take all these circumstances into 
consideration, and strike a kind of mean, we shall have 
no difficulty in estimating the amount of detritus carried 
down by a river at any given time. This would be the 
case if we had only to take into account a particular per- 
pendicular section of water of small horizontal thickness, 
such as we may consider fig. 6, to be. If, however, we 
now consider the river to be divided into numerous sections 
of the same kind, each descending perpendicularly to the 
bottom, as is represented in the cross section, ^g. 5., by the 
lines p, p, p, p, Pi p, we shall have two series, one on each 
side of the central section, the terms of which shall not 
agree either in respect to the velocities of the water, the 
power of transport, or in the amount of detritus contained 
in them. That the velocities would be unequal, is readily 
seen by a glance at fig. 5., for the perpendicular sections 
unequally cut through different strata of water. The trans- 
porting powers are consequently different. The less 
.amount of detritus would not wholly depend on this cause, 
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for the stratum d is uncovered by the others near the banks 
g, g ; hence it has not received any detritus in that portion 
of it, from the fall of mechanically suspended matier 
through c or ^. 

It will have been seen that, so far from being easy to 
determine, a calculation respecting the amount of detrital 
matter carried down, even at a given time, by a river, 
whose section should be as uniform as that represented 
in ^g. 5, would be a work of extreme difficulty. Now a 
section so simple can scarcely ever be obtained in nature ; 
on the contrary, a form of bed so favorable for calculation 
must be considered as one of the greatest rarity. The 
usual sections of river beds are far more complicated. 
When, therefore, we regard what has been above stated 
respecting the difficulty that would be encountered, even in 
estimating the amount of transported matter carried on- 
wards by a river at any given lime, and reflect that such 
amount is constantly varying, we shall perceive that to ob- 
tain anything like a tolerable annual mean, requires more 
experiment, time, and calculation, than can be afforded by 
any'except those who are favorably situated for the purpose, 
and who are willing to devote themselves to it. 

The usual method of estimating the general amount of 
detritus borne down by any great river which may form a 
delta, is by calculating the increased superficial area of 
such delta during any given time, such as one year, or 
one hundred years. The superficial increase of a delta 
by no means affords the necessary information, unless the 
depth of water into which the delta may protrude be also 
taken into account. If transported matter, carried down 
by the river, be added to the external fall of a delta, the 
amount of such matter would be the same, all other cir- 
cumstances being similar, whether we consider the length 
of superficial increase as 2 and the depth as 4, or the for- 
mer as 1 and the latter as 8. It follows that a delta which 
shall increase a certain length superficially in a given 
time in a given depth of water, will have received, all other 
circumstances being the same» as great an addition of sol- 
id matter as another delta protruded into half the same 
depth of water, the superficial advance of which should be 
twice as great in the same time. 
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The distances to which river-water, more or less 
charged with detritus would flow over sea-water, will de- 
pend upon a variety of obvious circumstances, .Captain 
Sabine found discolored water, supposed to be that of the 
Amazon, three hundred miles distant in the ocean from 
the embouchure of that river. It was about 126 feet deep. 
Its specific gravity was ^ 10204, and the specific gravity 
of the sea -water = 10262. This appears to be the great- 
est distance from land at which river-water has been de- 
tected on the surface of the ocean. If rivers containing 
mechanically suspended detritus flowed over sea-water in 
lines which, in general terms, might be called straight, the 
deposit of transported matter which they carried|out would 
also be in straight lines. If, however, they be turned 
aside by an ocean current, as was the case with that ob- 
served by Captain Sabine, the detritus would be thrown 
down, and cover an area corresponding, in a great degree, 
with the sweep which the river has been compelled to 
make out of the course that its impulse, when discharged 
from its embouchure, might lead it to take. Supposing 
the velocity with which this river-water was moving has 
been correctly estimated at about three miles per hour, it is 
not a little curious to consider that the agitation and resis- 
tance of its particles should be sufficient to keep finely 
comminuted solid matter mechanically suspended, so that 
it would not be disposed freely to part with it, except at its 
junction with the sea-water over which it flows, and where, 
from friction, it is sufficiently retarded. So that a river, 
if it can preserve a given amount of velocity flowing over 
the sea, may deposit no very large amount of mechani- 
cally suspended detritus in its course from the embouch- 
ure to the spot where it is ultimately stopped. Still, 
however, though the deposit may not be so abundant as 
at first sight would appear probable, the constant accu- 
mulation of matter, however inconsiderable at any given 
time, must produce an appreciable efiTect during the lapse 
of ages. 

Though mechanically suspended detritus is thus car- 
ried far out into the sea in certain favorable situations, the 
greater amount will always be accumulated near the em- 
bouchures of rivers which transport it. The river is most 



Digitized by VjOOQIC 



72 



SPECIFIC GRAVITIES OF CERTAIN 



loaded with foreign matter near its bottom, where also the 
retardation from friction is greatest ; therefore we should 
anticipate that this effect must be produced. 

We have now considered the various means by which 
detritus is carried into the sea, and, to a certain ex- 
tent, the manner in which it is moved by currents or 
streams of tide. It now becomes necessary to notice the 
specific gravities of various substances most commonly 
transported. . 

Specific gravities of Minerals most commonly entering 
into the composition of Rocks * 



N. Selenite ... 22 to 2-4 
D. B. Calcareous spar 

(Iceland) . . . 271 
H. Arragonite .... 293 
D. B. Rock Crystal . . 2*65 
D. B. Quartz (common) 2 63 
B. Flint (chalk) . . . 2 59 

D. B. Chert 264 

H. Felspar . . 253 to 260 
H. Albite ... 2-61 to 268 
D. B. Felspar (Labra- 
dor) 2-56 

H. Mica 294 

D. B. Talc 2 76 



B. Steatite 2-63 

H. Chlorite 271 

Hy. Chiastolite .... 294 
H. Hypersthene . . . 338 
D. B. Hornblende . ." 327 
D. B, Augite (black) . 316 
D. B. Olivine (grains) 339 

H. Leucite 248 

H. Garnet ... 3-61 to 420 
H. Shorl, or Tourma- 
line 307 

H. Diallage 3 25 

N. Iron pyrites 4 5 to 4 90 



Specific gravities of Rocks. 

D. B. Calcaire grossier (Paris) 2*62 

D. B. Chalk, pure (Sussex) 249 

D. B. Upper green sand (Wilts) 2*47 

D. B. Lower green sand (Wilts) 2*61 

D. B. Portland oolite (Portland) 255 

D. B. Forest marble (Pickwall) 272 

D. B. Bath oolite (Bath) 247 

• The letters prefixed to the various substances in these tables 
show by whom the respective specific gravities have beea ascer- 
tained. Hy. Haiiy; H. Haidinger; B. Breithaupt j R. Rondelet; 
B. Brisson; N. mumana. Those marked D. B. were taken by 
myself. 
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D. B. Stonesfield slate (near Stow-in-the-Wold . . . 266 

D. B. Lias limestone (Lyme Regis) 264 

D. B. Red marl of the new red sandstone (Devon) . 2-61 
D. B. Muschelkalk, fossiliferous (Gottingen) .... 2'62 

D. B. Coal sandstone, Pennant (Bristol) 260 

D. B. Coal shale, with impressions of ferns (New- 
castle) • 2-59 

Bituminous coal (Newcastle) 127 

D. B. Millstone grit (Bristol) 258 

D. B. Carboniferous limestone (Bristol) 275 

R. Carboniferous limestone (Belgium) 272 

D. B. Old red sandstone, micaceous (Herefordshire) 269 

D. B. Old red sandstone, (Worcestershire) 265 

D. B. Graywacke, (Hartz) 2-64 

D. B. Graywacke, common (Ilfracombe, Devon) . . 2 69 

D. B. Graywacke, calcareous (Ilfracombe) 277 

D. B. Graywacke, (Snowdon) 276 

D. B. Argillaceous slate, graywacke (Devon) .... 2'81 

D. B. Carrara marble, pure 270 

D. B. Mica slate (Scotland) 269 

D. B. Gneiss (Freyberg) 272 

D. B. Domite (Puys de Dome) 237 

D. B. Trachyte (Auvergne) 242 

D. B. Basalt (Scotland), '. 278 

R. Basalt {Auvergne) 2 88 

D. B. Basalt (Giant's Causeway) 291 

D. B. Greenstones, various (different countries) 269 to 2*95 

D. B. Sienite (Dresden) 274 

D. B. Porphyry (Saxony) 262 

D. B. Serpentine (Lizard, Cornwall) 2 58 

D. B. Diallage Rock (Lizard, Cornwall) 303 

D. B. Hypersthene rock {Cocks' Tor, Dartmoor) . . 288 

R. Granite, green * (Vosges) 285 

R. Granite, grey (Brittany) 274 

R. Granite (Normandy) 266 

D. B. Granite, mica scarce (Scotland) 2 62 

D. B. Granite, (Heytor, Devon) 266 

» daery greenstone ? 
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Specific gravities of some Shells*, 
Land, 



Helix Pomatia . 
Bulinus decolatus . 
undatus . 



. 2-82 

. 2-85 
2-85 

Fresh Water, 



Auricula bovina 
Helix citrina . . 



2-84 
287 



Unio cardisce 279 



cicatncosus . . . 

Argonauta tuberculo- 
sus 

Nautilus umbilicatus . 

lanthina communis . . 

Lithodomus Dactylus 

Teredo (great, East 
Indies) 

Haliotis tuberculatus . 

Cyprina vulgaris . . . 

Mytiliis bilocularis . . 



Paludina ....... 2-82 

2-80 I Cyrene Sumatrensis . 2*82 

Marine, 

Strombas gigas .... 2*77 
Chiton 2-79 



2-43 
2-64 
2-66 
267 

2-68 
2-70 
2-77 

2-77 



Pholas crispata • . . . 282 
Cytherea maculata . . 2*83 

Bulla 2-83 

Voluta musica .... 2*83 
Cassis Testiculus . . 2-83 
Strombus Gibberulus . 283 
Pyrula Melongena . . 2*84 
Telina radiata . . . 2-85T 



Before we proceed to consider the subject for which the 
above tables have been introduced, let us for a moment re- 
gard the data they afford us for a rough approximation 
towards he mean density of the earth's mineral crust. 

* The specific gravities in this table were ascertained by myself. 

t It can scarcely escape the observation of the reader, that, while 
the specific gravities of the land shells enumerated are generallv 
greatest, those of the floating marine shells are much the small- 
est. The design of the difference is obvious. The land shells 
have to contend with all changes of climate, and to resist the action of 
the atmosphere, while at the same time they are thin for the purpose 
of easy transport ; their density is therefore greatest. The Argonaut, 
Nautilus, and creatures of the like habits, require as light shells as 
may be consistent with the requisite strength ; the relative specific 
gravity of such'shells is consequently small. The greatest observed 
density was that of a Helix, the smallest that of an Argonaut, 
The shell of the lanthina, a floating molluscous creature, is among 
the smallest densities. The specific gravity of all the land shells 
examined was greater than that of Carrara marble ; in general 
more approaching that of Arragonite. The fresh water and ma- 
rine shells, with the exception of the Argonaut, Nautilus, lanthina, 
Lithodomus, Haliotis, and great radiated crystalline Teredo from 
the East Indies exceeded Carrara marble in density. This marble 
and the Haliotis are of equal specific gravities. 
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The density has been usually estimated at 2*5. It would, 
however, appear that this estimate is somewhat too low, 
and that 2*6 would be a nearer approximation. If we 
take a mean depth of fifty miles beneath the bed of the 
sea and the surface of dry land, we might expect that 
gneiss, mica slate, hornblende rocks, granites, greenstones, 
and rocks of that character, would constitute about 8 of 
the whole mineral mass. Now all these rocks exceed the 
specific gravity of 26, If we estimate granite, gneiss 
and mica slate as equal to *5 of the mass, such portion would 
have the mean density of about 2 7. Taking greenstone and 
trappean rocks at about •!, and including diallage rock and 
serpentine among them, we should obtain about 2*76 for 
their mean specific gravity. We cannot estimate the mean 
density of the other rocks of this portion, such as hornblende 
rocks, chlorite slates, quartz rocks, clay slates, &c., at less 
than 265 ; indeed a more detailed calculation would prob- 
ably make it greater ; but taking it at 265, we should ob- 
tain 2695 as the mean density of -8 of the earth's mineral 
crust. Of the remaining -2 the density would be very va- 
riable. Certain calcareous rocks, such as chalk and the 
common oolites, would be comparatively light, as would 
also be the case with some sandstones, such as some in 
the cretaceous series. Some lavas thrown out in the at- 
mosphere, or beneath moderate depths of water, would 
also have a comparatively small specific gravity : the same 
would also be the case with domites, trachytes, and rocks 
of that class. Imbedded vegetables forming lignite and 
coal, must also be included in this account. If we take 
these rocks as forming '1 of the mineral mass under consid- 
eration, and that its mean is about 245, we shall probably not 
commit any gross error in this rough calculation. The 
remaining •! will be at least equal to 2*67. The mean 
density of the old red sandstone and graywacke would, 
^rom the preceding tables, be 2 71. Now these rocks, or 
others quite analogous to them in mineralogical structure, 
not always of the same age, such for instance, as many in 
the Alps, Oural, Himalaya, and other great ranges of 
mountains, would constitute a large proportion of the •! 
tindet consideration. The mean density of the various 
compact limestones cannot be much less than 2*66 : when 
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fossiliferous or filled with shells, they will not be lighter; 
on the contrary, their densities will in most cases be then 
increased, as will be readily understood by reference to the 
specific gravities of shells. To this port^ion we must add 
the basalts and rocks of that class, often, as in India, occu- 
pying large tracts of country, and common in many vol- 
canic districts. We cannot estimate the mean density of 
the basalts at less than 2-8. Taking the graywacke and 
rocks of that structure at -4 of the '1 of the earth's crust 
under discussion, the compact limestones at -2, the com- 
pact sandstones at '3, (to which we may assign a mean 
density of 2-6), and the basaltic rocks at •!, we obtain a 
mean of 2*67 for this portion. We thus get about 2*59 
for the mean density of the mineral crust of the globe. 
The increased density from the pressure of the superin- 
cumbent mineral masses at various depths is here neglect- 
ed; but when We regard this,^nd consider that in this 
rough cabulation the proportions of the more dense rocks 
have been rather under than over-estimated, we may prob- 
ably take 26 as a fair approximation to the truth.* 

To return, however, from this digression: it will be ob- 
vious that equal volumes of the various substances enu- 
merated in the foregoing tables will not be transported 
equal distances by a given velocity of water, all other 
things being equal. If we suppose equal volumes and 
like forms of mica, quartz, felspar and hornblende to be 
mechanically suspended in moving water, and gradually 
deposited from it, the hornblende would first come to rest, 
then the mica, afterwards the quartz, and finally the fel- 
spar. If equal volumes and like forms of shells, such as 
Helix citrina, Sirombus Gigas, and Argonauta tubercu- 
losuSy were committed to a current of water, in the shape 
<jf fine grains, such as we often find in nature, the frag- 
ments of Helix would be first deposited, then those of the 
Strcmbus, and afterwards those of the Argonaut The 
€pecific gravities of the shells above given are not sufii- 
-ciently numerous to justify any very general conclusions ; 

* It is my intention more fully to investigate the subject elsewhere 
<when,from more abundant data and more minute detail than could 
(be admitted into this volume, it is hoped that a more certain as well 
Jis A closer approximation may be attained. 
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but as far as they go, they tend to show that if equal vol- 
umes and like forms of land, fresh- water and marine shells 
were mechanically suspended in moving water, and gradu- 
ally fell to the bottom of the sea or river, as the case might 
be, the land shells would be deposited before the others. 

If we consider that a river may carry equal volumes of 
land shells, quartz and felspar into the sea, the felspar 
would be transported the greatest distances, while the 
shells would be thrown down nearest the land, and the 
quartz would occupy a mean place between the two : so 
that, under these conditions, the resulting deposit, all oth- 
ers being equal, would be most calcareous nearest the 
land, and most siliceous further out, while the furthest 
zone of all, if we may use the expression, would be most 
argillaceous, assuming a certain amount of mixture in the 
substances deposited. 

Supposing the matter carried outwards by a river, high- 
ly charged with detritus, was composed of selenite, fel- 
spar, quartz, calcareous spar, talc, chlorite, mica, horn- 
blende, olivine and garnet, with equal volumes and like 
forms, it would tend to come to rest in the inverse order 
of the minerals here enumerated. If, therefore, running 
waters, such as rivers, flow off a country of common gran- 
ite, composed of quartz, felspar and mica, the velocities of 
the rivers being sufficient to carry the detritus into the sea, 
we should expect to find the micaceous matter predomi- 
nate near the land, while the comminuted felspar would 
prevail at the outer edge of the deposited detritus. Now it 
must have frequently struck those whose attention has been 
given to the detritus carried down by rivers, that in grani- 
tic districts the tendency to arrangement is such as above 
•stated, due allowance being made for variations in the form 
and volume of the substances transported. The mica en- 
deavors to remain last ; but as its volume is generally less 
than that of the quartz or felspar, it is carried onwards, 
sometimes with, sometimes beyond the other minerals, as 
must happen in all cases where volume or form is suffi- 
cient to equalize or overpower the effects of unequal spe- 
cific gravity. 

Sandstones are frequently micaceous, and are often ren- 
dered schistose by plates of mica. For the most part such 
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sandstones are siliceous. It will have been seen that equal 
volumes of mica and qualTtz, mechanical!/ suspended in 
water, would not descend in equal times to the bottom, all 
other things. being equal. May we not here approximate 
towards an explanation of those alternations of mica and 
quartz grains so common in many rocks ? The grains 
of mica are often, in such cases, of less volume than those 
of quartz; but supposing their volume the same, and that 
a liquid, such as the sea, be supplied at equal intervals 
with such detritus by another liquid charged with it, such 
as a river, there will be a tendency to have alternations of 
mica and quartz, for the first charge of mixed detritus will 
have fallen a certain distance before the next is delivered 
into the sea. We must not, however, forget that form 
wo^uld greatly influence a deposit of this nature. Though 
mica is specifically heaver than quartz, the tabular form af 
the former, and the roujided character of the detrital grains 
of the latter, would not allow these minerals to descend 
through water equally in equal times, eyen though theiir 
volume might be the same. If various mineral substancea . 
be mechanically suspended in the same liquid at the same 
time, the nature of the deposit from such a mixture would 
depend upon the relative densities, form and volume of 
each. Arrived at the bottom, the small fragments of mica 
would rest upon their flat surfaces, if they even first fell 
upon their edges, and the result would be the lamellar 
structure we observe in micaceous sandstones. 

The differences in specific gravities must necessarily 
produce great eflfect in the deposit of detritus of a larger 
kind, derived from various rocks. Thus equal volumes. ^ 
of Bath oolite and carboniferoua limestone, supposing 
the forms the same, would not be transported equal distances 
by equal forces ; the Bath oolite would be carried the great- 
est distance. Equal volumes of trachyte, granite and 
basalt would, under similar circumstances, be transported 
unequal distances. If equal volumes of granite from Nor- 
mandy or H^ytor, Devon and of Stonesfield slate from 
Stow-in-the-Wold, were carried onwards by moving water, 
the tendency to come to rest would be equal ; the diflerence 
in their actually doing so would depend upon their form. 
Most of the granitic rocks would travel further than many 
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of the compact limestones, (particularly when fossiliferous, 
such as the forest marble,) certain argillaceous slates, many 
of the graywacke rocks, and the mass of basalts, green- 
stones, hypersthene and diallage rocks, 

Though the specific gravities of various minerals and 
rocks are thus important, and may lead to valuable infor- 
mation when equal volumes of matter are concerned, and 
we seek to discover the direction whence any mechanical 
rock has been derived, we must be careful to pay due at- 
tention to the differences of form and volume, when such 
exist, otherwise we may arrive at very erroneous conclu- 
sions. We must in the first place recollect, that when the 
same force acts on different moving bodies, it communicates 
velocities to them which are in the inverse ratio of their 
masses, or of the quantity of matter of which they are com- 
posed. Therefore, in estimating the forces which may 
have transported any conglomerate or sandstone beds, we 
must pay proper attention to the mixture of the mass, and 
consider how the force has acted. We should see whether 
it appears to have been sufficient to have driven all the de- 
tritus, great and small, before it, — the smaller parts 
being entangled in the eddies produced by the larger bodies, 
which did not move with equal velocities, — or whether the 
detrital matter be arranged with reference to specific gravi- 
ties, forms and volumes. When we detect large rounded 
masses, or pebbles of large size, mixed up pell-mell with 
detrital matter of much smaller volume (as at a, fig. 7.), 
we may infer that the velocity which transported the mass 

Fig. 7. 



was 



considerable, the larger bodies being, for the time, me- 
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chanically suspended in the water. When we find peb- 
bles in such conglomerate rocks arranged with reference 
to their respective volumes, forms and densities, we have 
no evidence that the larger bodies have ever been suspen-^ 
ded in the water which forced them onwards. They may 
have been merely rolled forwards on the bottom. 

The two kinds of arrangements may sometimes be ob- 
served in rivers in which violent floods occur. The depos- 
it from the sudden rush of water generally consists of a 
mixture of great and small pebbles, sand and silt, much 
the same as is represented at a and b, fig. 7.; but when the 
waters are only sufficient to roll the pebbles over the bot- 
tom, there is always a tendency to carry onwards the finer 
matter, which necessarily becomes exposed to the action of 
the current by the regQOval of the pebbles that might other- 
wise protect it. The finer portions being thus removed, 
the larger bodies arrange themselves as at the bottom of 
the bed c. No doubt there is the same tendency to separ- 
ate the finer matter from the larger bodies, when all are, 
for the time, mechanically suspended in water ; but the 
case is so far difl^erent that the larger and smaller bodies 
are borne onwards together. We do not infer that the ve- 
locities of the smaller and larger bodies would be equal,, 
though borne onwards in the same current ; for the origin- 
al impulse would communicate unequal velocities to the 
bodies moved. The velocities would be, as above stated, 
inversely as the masess of such bodies. There can be no 
doubt that matter, mechanically suspended in water, is trans- 
ported to distances proportionate to its volume, form and. 
density; yet in cases where detrital or other ^matter is sud- 
denly caught up, as it were, by a great rush of waters, and 
for a time mechanically suspended in them, it is curious to 
observe how confusedly mixed the resulting deposit is when 
thrown down where the rapidity of the the current ceases. 

When we look at the surface of masses of detritus so 
borne down, we might often be led to suppose that the 
masses themselves were composed solely of large pebbles, 
as little else may be visible upon such surfaces ; but artific-v 
ial or natural sections generally exhibit a confused assem- 
blage of stones and sand, arranged without much regard 
to specific gravities, forms, or volumes. These confused 
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assemblages of transported matter seem always the result 
of tumultuous action, and the deposit from waters highly 
charged with rocky .matter of most varible dimensions. 
Although such rock-charged masses of water necessarily 
move as a whole with great rapidity, their internal motions 
are very different, from the unequal velocities of the sub- 
stances transported, and the consequent confusion of eddies 
and counter-eddies, and the whirling of the substances 
mechanically suspended ; so that when suddenly brought' 
to rest, as frequently happens in such cases, there is a pell- 
mell mixture of large and small bodies, and of every kind 
of rock carried onwards. The surface of these deposited 
masses necessarily becomes waehed, and the smaller bodies 
removed ; for, when brought to re^, the water, before it 
passes off from them, acts with coi^iderable power, pre- 
cisely as it would on the bottom of a river. 

When, therefore, we examine conglomerates, and find 
that the beds contain fragments of various kinds of rocks, 
or even of the same rock, arranged without regard to den- 
sity, form, or volume, we may infer that they have been 
thrown down from a violent rush and the tumultuous ac- 
tion of water. On the contrary, when we find the peb- 
bles or fragments with something of the order which they 
would present if deposited in a comparatively quiet manner, 
we may infer that if they have been mechanically suspend- 
ed in water, they have not been thrown violently upon 
the surface on which they rest, but have gradually separ- 
ated from the moving water as the velocities of the 
latter decreased. We may often remark that the frag- 
ments are more angular in those bends in which they are 
confusedly arranged and of very various sizes, than in those 
where the pebbles or fragments are of more uniform 
sizes, and deposited in an order more corresponding to 
their relative densities and volume. 

These remarks are intended only with reference to con- 
glomerates, either distributed over considerable areas, or in 
situations where we may consider a littoral deposit impro- 
bable. Lines of conglomerate, composed of materials of 
very unequal volumes, may readily be formed on coasts, 
particularly when steep. 
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Fig. 8. 




Let a b (fig. 8.) be the level of the sea, and c a cliff) 
which, both by decora positioii and fhe action of the sea 
upon it, produces fragments of unequal size, that fall into 
the water at its base. The action of the waves will tend 
to arrange them more horizontally than would happen if 
they fell upon dry land ; and from the unequal action of 
the waves, and the various size of the fragments, the ar- 
rangement can scarcely be otherwise than confused, much 
resembling that noticed above as resulting from a violent 
and sudden rush of water, highly charged with variously 
sized detritus. From the nature of things, however, beds 
of this kind could not be long continuous in directions at 
right angles to the lines of coast on which they have been 
produced. We may hence distinguish them from those 
distributed over wide areas,, and where there is no reason 
to suppose that a retreat of cliffs, by decomposition, or the 
action of the sea, eould have occasioned them. 

As we may infer a large and confused <leposit to be the 
result of the violent and tumultuous action of water, so may 
we consider that a conglomerate or sandstone, in which 
the volume of tho pebbles or grains of sand is equal, or 
nearly equal, in each bed, is the consequence of a more 
regular or continuous movement of water, from which 
mechanically suspended detritus is thrown down. There 
would necessarily be much uniformity in beds of con- 
glomerate produced by a given velocity of water forc- 
ing pebbles before it ; for a given velocity would only drive 
fragments of a certain density, volume and form before 
it, leaving those behind which were more dense, of great- 
er volume, or of less moveable fbrnui, while all detritus 
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more favorable for transport would be carried onwards. 
Particles of finer detritus must become mixed with the 
larger, when the latter, from diminished velocity in the 
water, come to rest ; for around the exposed surfaces of the 
larger bodies the water will be so retarded, that the small- 
er will be deposited from it, and introduced among the 
interstices of the fragments and pebbles, as well as in 
those situations where small eddies would be formed. The 
resulting beds would present a uniformity corresponding 
to the uniform velocity of the moving water. When va- 
riations were produced in the latter, corresponding changes 
would be effected in the former ; and we should have beds 
which, though to a certain extent uniform in themselves, 
would differ in the magnitude of the constituent detritus, as 
is represented hy the beds a, b and c, fig. 9. 



Fig. 9. 




Most rocks, mechanically produced, afford marks of 
the unequal action of the water from whence they have 
been deposited. This is particularly observable in sand- 
stones. 

The annexed wood-cut (fig. 10.) represents a section 
of a kind by no means uncommon, and is one strongly 

Fig. 10. 
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characteristic of the forcing action of water over a bottom, 
not a quiet deposition of matter from a state of mechanical 
suspension. We may suppose d a standstone bed resulting 
from the quiet deposition of grains from water in which 
they were mechanically suspended : the laminsef may be 
considered sufficiently horizontal. This, however, could 
scarcely be the case with c, b and a, where the grains of 
sand must have been forced over each other upon the bot^ 
torn, and have not descended solely from the action of 
gravity until they came to rest, remaining afterwards un- 
disturbed until quietly covered over by other grains which 
had fallen in the same manner. We must carefully dis- 
tinguish between the diagonal or waved lines here under 
consideration, and the cleavage of rocks to be noticed in 
the sequel ; but when we are certain that the lines in 
question are not those of cleavage, we may conclude that 
the rock has not been formed by a superior current of 
water transporting detritus which subsequently fell to the 
bottom through still water. It must have been caused by 
the pushing action of moving water or grains of sand 
after they had touched the bottom. Variations in the 
transport are marked by changes in the directions and 
forms of the sectional lines, while large breaks in the de- 
posit are shown by the greater lines, which are sections of 
planes, that divide the deposit into beds, such as a, b and c, 
^g. 10. 

A small wavy or ripply surface is by no means un- 
common in mechanical rocks, and may result from the 
friction of water or an arenaceous bottom, in the manner 
commonly observable on sands laid bare at low tides, or 
on loose sandy districts where the wind performs the 
same office as the water on the bottom beneath it, as has 
been noticed by Mr. Lyell.* The effect of waves, part- 
ticularly those which act with transporting force on the 
bottom, is to raise lines of ripple marks. The particles at 
the bottom are then, indeed, forced onwards by friction, the 
lines of little elevations being modified by the vibratory ac- 
tion also produced in the water at the same time, Tb^ 

♦ Principles of Geology, voL iii. p. 176. 
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ripple marks, modified by vibrations in the water, may be 
expected only in moderate depths, to which the vibrations 
jof a wave might extend, while the little elevated lines 
caused by the simple friction of a mass of water upon yield- 
ing sand may be formed at any depths in which water 
£puld move with sufficient force^ 
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CHAPTER V. 

We can scarcely conceive that detritus, particularly 
when finely comminuted, and then most favorable for the 
exertion of chemical affinity, can be in juxtaposition, and 
kept moist, and even wet, for long periods of time, with- 
out suffering some chemical change. The abundance 
of crystals of selenite and iron pyrites in clays, that have 
evidently been deposited from water in which finely com- 
minuted matter had been mechanically suspended, clearly 
show that chemical affinity has there been sufficiently 
strong to overcome the attraction of cohesion, which, to a 
certain extent, must have existed among the particles of 
deposited matter. 

Such effects must, of necessity, constantly vary. It 
would be difficult to find any two deposits from fine detri- 
tus, mechanically suspended in water, which should be 
perfectly the same. Chemical changes in them would 
therefore be produced under the influence of different cir- 
cumstances. Rocks must also receive considerable chemi- 
ical modification by the percolation of water through them. 
Those which, from geological changes in the relative lev- 
el of sea and land, are elevated above the eea, would not 
be placed under the same conditions as those which re- 
mained beneath the sea. There is scarcely any spring 
water, such as may be considered the result of the percola- 
tion of atmospheric water through rocks, that does not 
contain some mineral substances in solution, which it must 
have procured in its passage through the rocks. Now, 
though this quantity may be small, when we regard the 
composition of any particular spring water, yet when we 
consider the soluble matter contained in the spring waters 
of any given 1000 square miles of country, and that this 
substraction of matter from rocks has been going on 
for ages, we may readily conceive that the aiftount of 
chemical change may be greater than at first sight we 
might anticipate. We may also infer that the more solu- 
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ble portions of rocks have a constant tendency to be re- 
moved when exposed, not only to direct atmospheric influ- 
ences, but also to the percolation of rain water through 
them, so that most rocks would experience great difficulty 
in resisting chemical changes of this kind, and. of preserv- 
ing their original chemical nature, more particularly when 
elevated into the atmosphere. 

Dr. Turner has shown that fn the decomposition of the 
felspathic rocks, producing porcelain clay, the quantity of 
silica carried off by solution was enormous. He attrib- 
utes this loss to the freedom with which it could be dis- 
solved when exposed to the united action of water and al- 
kali at the moment of passing from the state of combina- 
tion which constitutes felspar. The same author considers 
"that every 2 equivalents of alumina, present in porcelain 
clay along with 3 1-2 pf silica, corresponded in the origi- 
nal felspar, from which it was derived, to 12 equivalents of 
silica and 1 of potash,"* 

The great mass of mechanical rocks has been deposited 
in the sea. Hence we might generally expect to find at 
least the predominant salts of the sea disseminated through 
such rocks, so as to be readily detected. This, how- 
ever, is not the case. Now it is difHeult to conceive how 
this saline matter is subtracted from them to such an ex- 
tent as we find it is. We may suppose that when elevated 
from beneath the sea into the atmosphere, the rain water, 
which then has a tendency to percolate through such 
rocks, would carry off a large proportion of the saline 
matter in solution. This would undoubtedly be a slow 
process,. but, continued through a long series of ages, it 
would appear to be certain in its effects. This hypothesis 
would not however, account for the absence of marine salts 
in rocks beneath the level of the sea. 

The collective amount of soluble matter carried by riv- 
ers into the sea, and derived from rocks by the percolation 
^ water through them, must be very considerable, more 
particularly when we measure time by centuries, and not 

*. " On the Chemistry of Geology," London and Edinburgh PhiL 
Mag., July 1833. 
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by single years. Rivers in which a large amount of fine- 
ly comminuted detritus is mechanically suspended, cannot 
fail also to contain matter in solution. The very detritus 
itself is likely to be acted on by the water in which it is 
suspended, even if the latter was not impregnated with 
soluble matter derived from the rocks whence its springs 
issued. Calcareous detritus would be liable more partic- 
ularly to be so acted on^ as also the fine comminuted par- 
ticles of felspathic rocks. 

All this matter must be carried somewhere. Many 
changes must be produced by the action of the various 
substances thus carried out into th^ ocean, not only on 
one another, but also on the saline contents of the sea. 
Chemical deposits cannot fail to be produced, even of kinds 
which we do not anticipate from our present knowledge 
either of the relative amount of substances thus situated, 
or of the possible combinations they may enter into. The 
chemical deposits which we are most accustomed to study, 
as it were, in the act of formation, have not been produced 
under the same circumstances. They are chiefly calca- 
reous and derived from waters of rivers, fresh- water lakes, 
or thermal springs. The few natural deposits of silica 
and sulphate of lime which we observe now taking place 
are chiefly from the latter. Of the chemical rocks which 
may be now forming in the sea we know almost nothing ; 
yet all the soluble matter conveyed into it from the land, 
independently of the soluble substances thrown into it from 
volcanic action beneath its surface, must be productive of 
some result 

There are also certain aggregations of particles in rocks, 
mechanically produced, which must have resulted from.^ 
mutual attractions among one another, and which are not a 
little remarkable. It not unfrequently happens that in 
clays, containing disseminated carbonate of lime, there are 
nodules more calcareous than the other parts, and which 
we readily perceive are not bodies rounded previous to de- 
position, although at a distance they have that appearance. 
We will select for illustration some nodules of this kind 
in the lias of Lyme Regis, though such bodies are suffi- 
ciently common elsewhere.* 

♦ Id the clay beds of the newest tertiary strata in New England, 
these argillo-calcareoos nodules are very abundant, and very per- 
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The nodules a a (fig. 11). range in a line parallel with 
the general stratification t and are not far removed above 
the mass of lias limestones, which alternate with marls or 
shales, and constitute the lower part of the lias, taken gen- 
erally, at the same place. Now these nodules contain a 
greater amount of carbonate of lime than the shale or 
marl above, beneath, or between them. We might there- 
fore suppose that they were concentric concretions ; but 
the fact is they are not such. 

feet Concretions of a similar structure, but composed of argilla- 
ceous oxide of iron, abound in the plastic clay beds of Martha's 
Vineyard ; and these frequently contain organic relics for a central 
nucleus, as mentioned an the text. But those in the newer clay beds 
just named rarely, contain any nucleus, though I have sometimes 
seen a pebble at the centre. These concretions generally go by the 
name of daystones, and are regarded as the result of running water ; 
though not unfrequently they have been considered as the work of 
man. Indeed, I have never seen any thing in the mineral kingdom 
that had so artificial an aspect. For the last year or two I have 
been making collections of these nodules from different localities : 
and did the limits of this note permit, I should be gratified to give 
drawings of some of their most unique and remarkable forms. In 
regularity they much exceed any similar bodies that I have seen de- 
scribed. And i find that the different localities, if considerably 
separated, exhibit peculiar types as to form, as is the case with crys- 
tals. The varieties are quite numerous; yet from their uniform- 
ity evidently controlled by fixed laws. The precise nature and op- 
eration of those lawB, it appears to me, have never yet been devel- 
oped. Indeed, very few writers have noticed the subject j and none 
that I have met with, have treated it so ably as De la Beche. Those 
who may read this note, and especially the class for whose particu- 
lar benent this work is re-pablished, will oblige me by sending me 
specimens of these cluysUmes from different localities ; and should 
life and health be spared, I promise to give at least a connected 
view of all the facts which I can thus accumulate ; and perhaps 
important principles may hence be deduced; to illustrate this obscura 
ana difficult subject. Am, Ed, 
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Fig. 12. 




When we obtain a section of, or fracture them, we find 
that they are laminated, as represented above, (Fig. 12), 
the laminsB having the same direction as the great mass of 
stratified rock of which they form a component part. The 
laminsa of the nodules are precisely parallel to the lamina 
of the shale or marl in which they are inclosed, and little 
doubt can exist that they once constituted continuous por- 
tions of each other. The particles of calcareous matter 
have separated from the mass of marl, and have congre- 
gated together as we now see them. When we fracture 
these nodules through their centres, and parallel to the 
laminae, we generally find some fossil, such as a fish, an 
ammonite, nautilus, or piece of wood, which seems to have 
formed the point of attraction to the various particles of 
calcareous matter that have assembled together. We 
might therefore infer that a fossil or other foreign body 
was always necessary to the production of the nodules ; 
but though such bodies are very commonly discovered in 
the centres of the nodules, they are not always present in 
them. There are many without them, and some contain 
small scattered ammonites and other shells, not more abun> 
dant in their centres than in other portions. Hence, 
though fossils or other bodies may have, and most proba- 
bly have, assisted in attracting particles of matter together, 
they are not essential to the production of the nodules. 
They have resulted from the aggregation of these particles 
in such a manner that the original laminated structure ha» 
not disappeared. If we conceive a particular line of de- 
posit to have contained calcareous matter, which, though 
insufficient to constitute continuous limestone beds, was 
too plentiful to remain disseminated in the marl without 
endeavoring to arrange itself diflferently, and in small 
masses, we may probably approximate to the truth. This 
view is borne out by considering how some of the upper 
beds of the lias limestones, at the same place, are circum-* 
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stanced. They are evidently only extended lines of flat- 
tened nodules, which are, however, not generally laminat- 
ed, but compact, the arrangement of the particles having 
been more general. Fig. 13. represents such strata, or 
rather attempts at strata, a, a, a, being argillaceous lime- 
stones, h, b, shales. 

Fig. 13, 




Now the latter structure m rocks, evidently mechanical- 
ly produced, and even not calcareous, must be familiar to 
every geologist, though it is more prevalent where calca- 
reous matter is intermingled with other substances. It is 
common in vaiftous sandstones, and is evidently the result 
of the attraction of certain particles among one another 
after deposition. The lamellar structure of nodules in si- 
liceous sandstones is sometimes also observable, an aggre- 
gation of particles having taken place on the same princi- 
ple as that above noticed in the lias, the cementing matter 
being sometimes calcareous, at others siliceous. 

Layers of nodules, not lamellar, yet composed of sob- 
stances which have separated from the constituent parts 
of a mechanical rock after deposition, are common in 
many strata. The ironstone nodules of the coal measures 
seem to have been thus produced. They also sometimes 
contain organic remains, such as portions of fossil vegeta- 
bles ; but as multitudes exist without organic exuvise, they 
are evidently not essential to the formation of the nodules. 
The matter of nodules appears sometimes to have separat- 
ed from the body of the rock in which they are founds 
in such a manner, that there has been a contraction of parts, 
from desiccation in the interior, producing cracks, which 
have subsequently been filled up, by the infiltration of car- 
bonate of lime. The annexed sketch (Fig. 14), represents 
one of these concretions, commonly known as turtle stones,. 
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Fig. 14. 




iudus Helmoniii, &c. The external parts have first be- 
come consolidated, so that during the desiccation of the 
interior, the internal parts were compelled to separate 
into cracks, and shrink towards the circumference, leav- 
ing the largest fissures in the innermost parts, as must 
necessarily happen. The subsequent filling up of the 
cracks is (generally illustrative of the gradual accumula- 
tion of matter from the side of such veins towards their 
middle portions. Coat above coat of carbonate of lime ' 
<caver one another until the sides meet, highly crystalline 
matter filling up the irregular cavities ^ich have often 
thus resulted. Nodules of this description, which gener- 
ally exhibit no trace of either concentric or lamellar struc- 
ture, are frequent in many clays and marls. 

An aggregation of siliceous particles is pointed out by 
Mr. Babbage as accidentally occurring in the preparation 
of the clay used in the manufacture of porcelain. It may 
be regarded as an experiment highly illustrative of the 
separation, by affinity, of extremely comminuted particles 
of matter, deposited from water which previously contain- 
ed them in mechanical suspension. In the common pro- 
cess of preparing the plastic substance for the potteries, 
flints burnt and ground are suspended with a certain pro- 
portion of clayey matter in water, and a deposit is produc- 
ed of the required distribution of the particles of silica 
among the clay. If the compound be used in proper time, 
the siliceous particles remain disseminated ; but if it con- 
tinue long at rest, the silica becomes aggregated in 'small 
lumps, and the mass is rendered useless for the manu6tc- 
ture.* 

The same author calls attention to this fact as illustra* 

* Babbage, Economy of manufactures, 2d Edit. p. 50. 
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tive of the formation of flints in chalk ; and certainly there 
appears considerable analogy between them. The silica 
appears to have separated from the great mass of calcare- 
ous matter, and to have arranged itself in numerous instan- 
ces around various organic matters. As in the case of the 
calcareous aggregations above mentioned, though this 
frequently happens, it is not a constant fact, and we may 
thus consider such a nucleus not to be necessary to the 
production of the flint nodule. Some determining cause, 
though not necessarily an organic relic, must have pro- 
duced the accumulation of siliceous matter in a particular 
point ; and this cause must have extended in lines parallel 
to the general stratification, since the flints commonly oc- 
cur as represented beneath, (fig. 15.) a, a, a being lines of 
flints in chalk. 




Another curious circumstance attends the separation of 
siliceous matter from the body of the chalk. Veins of flint 
traversing the lines of stratification (fig. 15. b) and appear- 
ing like cracks filled up by silica, are not unfrequent in 
many parts of the rock. Now the substance of these veins 
seems as good flint as any of the nodules, and we are led 
to conclude that they have been produced by causes simi- 
lar, as feir as regards the separation of the siliceous matter 
to those which have formed the nodules. The regularity 
of the lines of flints reminds us of the regularity of lines 
of calcareous nodules in many clays. There was, prob- 
ably, in a certain amount of deposit, formed over a certain 
area, a quantity of siliceous matter which had a tendency 
.to aggregate into nodules, and the more readily as organic 
exuviffi constituted points of attraction. We have seen in 
the case of the plastic substance used in porcelain manu- 
factures, that when we compare it with great natural ope- 
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rationa, a «koTt comparative time is alaae necessary to 
cause the aggregation of the siliceous particles. Hence 
upon a certain amount of deposit the siliceous matter 
would separate into nodules; and this operation being 
repeated, there would be a repetition of similar effects, and 
wc should have lines of flints arranged in lines above one 
Another, and parallel to the general line of stratification* 
The mechanical aggregation of siliceous particles, though 
ihe latter may have been very minute, is however insuffi- 
cient to account for all the phsenomena observed. There 
has evidently been, in numerous cases, such an infiltration 
of siliceous matter into the pores of certain organic re- 
mains, that there is a difficulty in explaining the presence 
of the silica, under such circumstances, otherwise than by 
considering it to have entered into these bodies in a state of 
.solution. In certain chert nodules of the green sand, and 
indeed of other arenaceous rocks, we often observe a curi- 
ous passage from a decidedly arenaceous structure into one 
apparently chemical. The interior of many of such no- 
dules is hollow, and the mammilated chalcedonic interior 
has evidently been produced in the manner of stalactites. 
There has been a percolation of a liquid, containing silica 
in solution, through the arenaceous matter towards the in- 
terior of the nodule, yet the passage of one structure into 
the other is generally gradual. ^ We shall have occasion 
to notice the flint veins under the head of veins generally. 
The cleavage of rocks, which may be, and often has 
been, mistaken for stratification, seems due to particular 
arrangements of the particles of matter aftei the original 
deposition or production of the rock. It is as much ob- 
servable in some of the rocks, commonly termed unstratifi- 
ed, as among those named stratified : in those which have 
resulted from fusion, as in those which have originated 
from solution or mechanical deposition. We should more 
particularly be inclined to expect cleavage in rocks whose 
immediate origin has been solution, and which approach- 
ed the composition of a salt, such as nearly pure carbon- 
ate of lime or dolomite. Numerous limestone rocks are 
cleaved in directions perpendicular to the stratification, and 
:eometimes the cleavage approaches the rhomboidal char- 
iftcter of calcareous spar. Limestones, which even contaia 
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aa abundance of organic remains, frequently present nat- 
ural cleavages in such abundance that it becomes no easy ' 
matter to decide at a short distance which lines should be 
considered those of stratification. Attention to the general 
dip of the rock, and to the mode in which the organic re- 
mains occur, (beds generally containing certain marked 
assemblages of them,) will no doubt resolve the difficulty ; 
but there are situations where the cleavages of limestone 
are sufficiently embarrassing. Where the cleavage tra- 
verses organic remains themselves, dividing them in such 
a manner that a portion of the shell or other fossil is on 
enzh side of the fissure, the decision is necessarily easy. 
In some carboniferous and graywake limestones decep- 
tive cleavage is very common. 

Cleavage must even be more common in rocks than is 
made apparent in natural sections or exposures ; for work- 
men are generally aware that the various rocks they em- 
ploy for building or other purposes have what they ternj 
a grain, that is, the rock will split in one or two dirrtitions 
easier than in other. Granite- workers are, for the most 
part, particularly expert in finding the grain, when, to a 
common observer, there is no very marked difierence in 
appearance between those parts of the granite into which 
they drive wedges to force open the rock into plane sur- 
faces, and those where they say it would be useless to 
work. Having once ascertained the direction of the 
grain in a quarry, they have little trouble in raising large 
masses of granite, which they find readily cleavable in 
given directions. It is this cleavage which, by the decom- 
position of the granite in part, has produced the tors as 
they are called, of Dartmoor Devon, and which have |of- 
ten the appearance of art. The following sketch (fig. 16.) 
•of part of Great Staple Tor, seen from the south-west, 
as more like the remains of some huge buildino^, or 

Fig. 16L 
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battlement, than the effect of cleavage and decomposition, 
which it is. 

The cleavage of the Devon and Cornwell granite is fre- 
quently in given directions over considerable areas, show- 
ing that the causes producing them have acted on the 
large scale. The most general is from N.N.W lo 
S.S.E., as has been observed by Mr. Fox in the granite 
of Penryn.* 

The cleavage of granite at its junction with slate and oth- 
er rocks is sometimes highly deceptive. The granite of 
Devon and Cornwall has often been termed stratified from 
this cause. A little attention will, however, in general, 
show that the lines resembling those of stratification 
run into one another in various directions, or only con- 
tinue for short distances, f in the manner represented be- 
neath (fig. 17.)t . 

Fig. 17. 




« " On the Granite District near Penryn, Cornwall " London and 
Edinburgh Phil. Mag., May 1833. ^ 

t The well-known Cheese Wring on the eastern edge of the mass 
of gtanite north from Ldskeard, Cornwall, appears like a number 
of cheeses piled on one another, (whence the name,) when viewed 
in one direction,— therefore like the remains of beds of granite; 
but seen in the W. and S.W. sides it is found to be one mass, with 
cleavage lines upon it, which do not run regularly round. 

t Such lines exist in the sienite of Whately ] but I have been 
disposed to regard them as the partially obliterated lines of strati- 
cation in the rocks whose fusion produced the sienite, rather than 
cleavage planes. See Report on the Geology of Mass. p. 453. 

Am. Ed. 
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As the granite of this part of England is generally 
porphyritic, that is, contains large disseminated crystals 
of felspar, part of such crystals may sometimes be obser- 
ved on one, and part on the other side of the cleavage, thus 
clearly separating such appearances from stratification. 
While on the subject of these appearances in the Devon 
and ,Oornwall granites, it may be remarked, that though 
their posteriority to the graywacke of the same districts 
may be shown from various circumstances, the cleavage, 
resembling stratification at a distance, runs in planes par- 
allel to those of the stratified rock which they support ; 
thus giving the upper surface of the granitic masses the 
appearance of stratified rocks upon which other stratified 
rocks have been deposited. The following section, on the 
north side of Dartmoor will illustrate this £eict. ■ 

Fig. 18. 
Belstone. Belstoae Tor. 




c d c ha 

A granite, which becomes cleaved at b in lines parallel 
to the overlying altered graywacke c. d greenstone, 
bounded by planes parallel to the strike or direction of the 
graywacke, and thence appearing as an included bed. c 
graywacke sandstone, b merely affords one view of the 
cleavage of the granite. It is also cleaved perpendicular- 
ly, in lines about N.N.W. and S.S.E., and also by others 
which run at right angles, or nearly so, to these last, so 
that the intersections of the resulting planes produce large 
flattened prismatic blocks. The perpendicular cleavaioes 
in N.N.W. and S.S. E. lines are the most constant. The 
perpendicular fissures of granite on the coast of Cornwall 
often give a columnar 'character to the rock, as has been 
remarked by Mr. Carne. 
7 
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The attractioa of the particles of granite in such a way 
as very commonly to form either prismatic or rhomboiddi 
masses took place apparently after the various elementary 
substances constituting the component minerals of granite 
had crystallized and produced the confusedly crystal- 
line substance we now see. If this view be correct, the 
cleavage would be a secondary action. It might have taken 
place either during consolidation, ox even after the mass had 
assumed the solid form. The cleavage of such a substance 
AS granite would so far differ from <that of regular crystals 
that the latter may be considered as a definite chemical com- 
pound, while the granite is a mixture of various crystalline 
substances, each with its own cleavage as a separate min- 
eral. If we consider the granite blocks to be, as has been 
supposed, the result of globular internal structure, we 
should expect that the planes, produced by the pressure of 
the spherical masses against -each other, would not 
be the rhomboids jor parallelopipeds we iSnd, but other 
figures. 

Th^t differences of temperatuM may produce different 
arrangements in the particles of a^olid body, without al- 
tejing its external form, has "been well established by M. 
Milscherlich in his experiments on sulphate of lime and 
•other substances. Prismatic crystals of sulphate of nickel 
had tbeiT internal arrangement changed in a few days by 
the mere action of the «un's rays upon them in a closed 
vessel, so that when broken they were found composed of 
octohedrons, with a square base, the external forms of the 
crystals being unchanged.* When" acquainted with these 
■and other facts of the same kind, we aTe led to suppose 
that rocks may not only become visibly altered hy the long- 
continued action of diminished or increased heat upon them, 
but that they may also have their various parts diflferently 
arranged, as to mutual attraction, without the general ap- 
pearance of the rock being sensibly changed. We might 
therefore regard the cleavage of granite as, to a certain 
extent, a crystalline arrangement of the mass, after gener- 
al consolidation :and the crystalization of the minor parts. 
The regularity with which granite, in various parts of the 

♦ Mitscherlich, Jlnnaies de Chimie, torn, xixvii. 
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world, is split up, either naturally or artificially, into rhom- 
boidal or prismatic masses, is quite as remarkable as the 
cleavage of crystals into minor portions. 

Many sandstones, particularly siliceous sandstones^ read- 
ily divide into flat rhombic prisms and other regular fig- 
ures, which.theugh often observable from th« decomposition 
of the rock, are more frequently seen when the sandstone 
is fractured. They are in general comparatively small 
and thin, such as that represented in ^g. 19, which is from 
the graywacke of the Hartz. The longest side of the 
specimen itself is five inches, and the shortest two and a 
half inches long, the height being about three quarters of 
ao inch. The acute angle is =s= 67°, and the obtuse = 

Fig. 19. 



7 



113° ; so that this portion of an arenaceous rock, bounded 
'by cleavage planes, has all the regularity of a crystal. 
It is not intended to state that all the portions of detrital 
rocks, thus formed by cleavage into rhombic prisms, pre- 
sent the same angles ; but the numerous cases in which 
there is an approximation towards them is somewhat re- 
markable.* In many parts of the arenaceous graywacke 

* There is scafcely a stratified rock in New England, whether 
tertiary, secondary, or primary, in which I have not observed a di- 
vision of the layers into flat rhombic prisms. I have been led by 
the remarks in the text to apply the goniometer to such specimens 
as I find in my collection, which were not however, selected with 
reference to such measurement. I give below, not merely the an- 
gles of the surface of the rhombic prisms, (such as are given in the 
text,) and which I call surface angles, but also the solid angles of 
the same prisms, produced by the longitudinal and transverse cleav- 
ege planes. The longitufclinal plane runs in the same direction as 
the layers of the rock, and the transverse plane crosses those layers 
more or less obliquely. I give only the smaller angle since the 
larger one is always its supplement. 
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these appearances are coiumon, so that beds^are easily bro- 
ken up into regular fragments, three, four, five and six 



Surface Angle, Solid Angle. Solid Angle. 
Long, Plane Transv, Plane, 

Unconsolidated Clay, 

ls< specimen. 64° . .80°. . . .73°^ 
2d " 84. . .86. . . .83 From the banks 
' 3d •* 67. . . 80. . . - 74 i of Agawam 
Hh " 76. . . 81. . . .81 r River West 
bth " 81 ... 81 .... 83 I Springfield. 
m *« 85 ... 87 .... 84 J ^ 
New red sandstone ) Turner's Palls, 

Id specimen 79 . . . 76 . . . . 84 { Greenfield. 

I Hartford, 
2d specimen 70 ... 76 .... 78 J Rocky Hill 
Argillaceous Slate, 

l5^ specimen 73. . .88. . . .77 Guilford, Vt. 

" 2d '' 70. .. 47 ... 62 Boston Harbor. 

"3d « 60. . . 81. . , . 63 Boston Harbor. 

Graywacke Slate 82. . . 83. . . . 88 Brighton. 

Gluartz Rock ) Leverett, 

1st specimen 39 ... 80 ... . 775 nearly all quartz. 

iBernardstoD. 
compact. 
\ . Northfield, 
3d '* 86. . . 84. . . . 63J white quartz.. 

> Mendon, 

Aih " 84. '. . 90. . . . 67J .granular. 

Mica Slate 60 Bolton, Ct. 

Hornblende Slate 

1st specimen 65 . , . 81 . . . . 86 > Whaiely, 
"2d « 66. . . 51. . . * 66J, nearsieniie. 



It would be unsafe, perhaps, from such limited data to draw any 
i mportant inferences ; yet it seemsimpossible to avoid the conclusion, 
that even in the same rock there is no constancy in the angles of 
the prism. In the six specimens of the unconsolidated clay, for 
instance, the surface angles vary more than 20^ : whereas the com-^ 
position of the different prisms cannot be essentially different, for 
the bed from which they were taken exhibits an%lmost perfect ani- 
formity of composition, consisting of blue plastic clav without any 
lime : though the same bed sometimes contains calcareous nod« 
ules. The specimen of New Red Sandstone from Hartford has 
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inches in length, and less than an inch in thickness. The 
fLggregB-iion of particles in this case has taken place among 
grains of detrital matter. Nevertheless the prismatic or 
Thomt)aidal form, as the case may be, resulting from the 
intersection of cleavage planes, strongly reminds us, as be- 
fore stated, of crystalization. Calcareous matter is some- 
times found, but it is by no means a necessary condition of 
the rocks which thus cleave, for the same kind of cleavage 
is observable in sandstones in which carbonate of lim^ 
cannot be detected. 

been converted almost into siliceous slate bv its contiguity to trap, 
and not improbably the prism was prodaced by heat. The argilla- 
ceous and gray wacke slates are from widely separated localities, and 
jmay vary considerably in their composition. The specimens of quartz 
rock consist almost wholly of granular or compact quartz : and the 
hornblende slate is almost converted into sienhe. 

If J rigbtly understand Mr. De la Beche in the text, he seems 
rather to lean to the opinion that this rhombic division of rocks 
may have resulted from the action of heat. But one of the cases 
contained in the preceding table shows that heat is not necessary 
to the production of the most perfect forms. I refer to the speci- 
mens takjen from unconsolidated clay beds. I had frequently notic- 
ed what I call the longitudinal cleavage plane in these beds : but 
never till quite recently have I found the rhombic division complet- 
ed. Yet on the south bank of Agawam river in West Springfield, 
half a mile east of the bridge on the road to Hartford, may be seen 
thousands of these rhomboidal prisms along the uncovered edges of 
the perfectly horizontal layers oi clay. It is hardly possible to con- 
ceive that any heat has ever operated on this clay, which was as 
^eat as the rays of the sun, since it is not as much consolidated as 
It is by exposure to the sun. 

We need not then resort to heat to explain the most perfect ex- 
amples of this prismatic structure. But since this structure appears 
to be a modification of crystalization, why may it not result both 
from aqueous and igneous action ? since all that seems necessary is 
to give the particles so much of mobility among themselves, thattney 
may obey the laws of molecular attraction. 

In the example under consideration we seem to witness a nearer 
approach to the operation of the laws of cryst«llography than in 
the case of the concretionary nodules described on a former page. 
Yet even here the cause of the modification and the data for esti- 
mating its amount are unknown. For the examples which I have 
prodoced, especially those from the tertiary clay, seem to show that 
the angles of th^ prism vary without a change of composition ; and 
I ought to have added that the opposite cleavage planes are not al- 
ways parallel. How long must we wait for the Hauy of geology 
to develope the true theory of this subject ?—ii»i. Ed. 
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Some shales have cleavage fissures of remarkable ap-' 
pearances ; among them we may notice perpendicular lines 
parallel to one another, dividing the rock in such a manner, 
that when the plane of stratification is viewed for some ex- 
tent, the divisions have the appearance of planks ranged 
side by side. This kind of cleavage is well seen in part 
of the lias shale of Lyme Regis, beneath the Church CliflTs. 
The lines may be considered as imperfect developments 
of rhomboidal or prismatic cleavage, the cross fissures not 
having been formed. 

Nothing is more common among argillaceous slates of 
various ages than the cross cleavage represented beneath 
(fig. 20.), a, a.'a^ a, a, being the real lines- of stratification, 

Fig. 20. 




tvhile the other parallel lines are cleavage fissures. This 
structure is occasionally very embarrassing ; and ft is by 
no means easy to decide between the lines of stratification 
and cleavage. Such cleavage fissures must be carefully- 
distinguished from that kind of substratification so common 
in many arenaceous rocks, and noticed above, which gives 
a diagonal arrangement to the parts of abed. The former 
may be generally known by their regularity, and frequently 
by the considerable angle, sometimes amounting to a right 
angle, which the cleavage planes make with those of strat- 
ification. 

This tendency in so many rocks, both chemical and me- 
chanical, to divide into solids of more or less regularity, 
clearly points to some law according to which the particles 
of solid matter endeavor to arrange themselves, no conse- 
quence how produced, in determinate figures. Of these 
the prismatic and rhomboidal are most commonly observed. 
We have above noticed that the long continuance of some 
given temperature will produce a change in the avrange- 
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meat of tke constituent particles without altering the external 
form of the mass. The arenaceous hearthstone long exposed 
to continued heat, insufficient to fuse it, in a hlast furnace at 
Shifibal, and noticed by Dr. Macculloch, is a curious exam- 
ple of the prismatic, arrangement which may, under such 
circumstances, take place among grains of matter acci- 
dentally thrown into juxtaposition. This fact has been ad- 
duced in illustration of the prismatic character of certaia 
sandstoneSi m positions which wo«ld justify the conclusion 
that they also had been exposed to the long-continued ac- 
tion of heat, being in contact with, or near, masses of trap- 
pean rock. The disposition of sandstone to become pris- 
matic under such conditions, which is still further illustrat- 
ed by the prismatic arrangement of sandstones, baked m 
kilns for the purpose of hardening them, between Halifax 
and Huddersfield,* is^ highly interesting in connexion with 
rock cleavage. It shows that matter, in tho first place me- 
chanically aggregated, may subsequently have its particles: 
so acted on that the mass becomes composed of numerous 
solids, of a certain regularity of form, while its arenaceous 
aspect remains. 

If we admit the theory of Mr. Gregory Watt respecting 
the columnar structure of basalt, and rocks of that kind, 
we have evidence that by the pressure of spherical concre- 
tions produced during consolidation of the rock, a series 
of prisms is formed, hexagonal if the centres of the 
spheres or spheroids be equidistant from one another ; of 
other figures if the pressures be unequal from differences 
in the distances of the centres. This author supposed that, 
in the surface or surfaces first slowly cooled, a stratum of 
spheroids, with centres more or less equidistant, was pro- 
duced. These spheroids,, by gradual increase fn their vol- 
umes, pressed against one another laterally, producing hex- 
agonal figures when the pressure was equal. Upwards, 
however, supposing the b«dof basalt to be nearly hori- 
zontal, theyxould extend indefinitely, at least to the top of 
the bed, if circumstances were favorable. The result 
would be a multitude of prisms pressed against one an- 
other, and perpendicular to the surface where the spheroids 

• Geological Manual, p. 472. ^ : .... > 
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were first formed. Mr. Watt found, in his experiments 
on the fusion and slow cooling of basalt, that the spheroids 
produced were not only radiated from their centres, but 
were also arranged in concentric coats. He hence con« 
eluded that the joints, sometimes observable in basaltic 
columns, were formed by surfaces corresponding with such 
concentric coats. This theory is strongly supported by 
facts, more particularly by the horizontal arrangement of 
columns in perpendicular dykes, such as those at the 
Giant's Causeway, and other places, where the columns 
proceed from the sides of the dyke to the central parts, and 
there become confused, from the meeting of the two sys- 
tems of columns, if, as Mr. Watt remarks, circumstances 
be so far favorable as to permit such a meeting.* 

Spherical and spheroidal concentric concretions are very 
common in basaltic and other igneous rocks. They are 
sometimes not observable until the rock has been subjected 
to a certain amount of decomposition, when the outer coats be- 
ing decomposed, and the inner portions remaining unchang- 
ed, the rock seems composed of numerous cannon-balls and 
bomb-shells, separated from one another by softer sub- 
stances. 

Although the forms observed in these chemical rocks 
so far resemble those noticed above as occurring in the 
mechanical strata, that they are both the results of parti- 
cles aggregated together after the rock has been first pro- 
duced, yet they probably difier in other respects. We can 
scarcely conceive that the pressure of spheroids against 
each other would give us the flat rhombic prisms arranged 
as they are so commonly in the graywacke; neither 
should we expect to obtain the long lines of laminsB which 
so frequently meet the lines of stratification at various an- 
gles in argillaceous slates. No doubt in all these cases 
there is an aggregation of particles giving rise to peculiar 
forms ; but the mod^ in which this was effected appears 
to have been different. 

The whole theory of altered rocks depends upon the 
power of the constituent particles to arrange themselves in 

♦ Watt, " Observations on Basalt," &c., Phil. Trans., 1804; see 
«]so Geological Manual^ AH, Unslratified Rocks, p. 469. 
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a manner different from that in which they previously ex- 
isted, and this in consequence of the continued action of a 
heat insufficient to produce fusion. When we see chalk 
converted into granular limestone on each side of a hasaltic 
dyke, as is observable in the Isle of Raghlin on the north 
coast of Ireland,* we remark that there has clearly been a 
new arrangement of the particles of carbonate of lime. In- 
stead of the loose aggregation, so well known in chalk, we 
find a crystaline arrangement of parts, the crystalization 
being more perfect in proportion to the proximity of the 
basaltic dyke. All analogy teaches us that in this case 
the alteration has been produced by heat, communicated to 
the chalk from the basalt. The cause and effect are apa- 
rent 

If fusion took place, there would be an end to the strati- 
fication of the rocks acted on by heat. The new arrange- 
ment of parts is effected without a liquid condition of the 
matter composing the rocks. That liquidity is not neces- 
sary to such changes is well proved by M. Mitscherlich's 
researches into those produced in the structure of some 
crystallized substances by different degrees of temperature. 
The changes caused in the sulphate of nickel have al- 
ready been noticed (p. 94.) Crystals of sulphate of zinc 
and sulphate of magnesia, gradually heated in alcohol, lose 
their transparency, and are found composed of numerous 
small crystals^,' differing in form from those used in the ex- 
periment. Prismatic seleniate of zinc, exposed to the sun 
on paper, speedily changes into octohedral crystals with a 
square base. The same distinguished author observed 
that the optical properties of plates of sulphate of lime and 
other substances were altered by changes of temperature, 
showing an alteration in the interior structure, while no 
sensible exterior modification could be observed in the 
plates.f The various tempering of steel, and the anneal- 
ing of glass, must also arise from new arrangements of 
the particles of steel and glass caused by heat insufficient 
to produce fusion. If we take a piece of common .green 

« Backland and Conybeare, Geol Trans, vol. ill. and Geological 
Manual, p. 279. 

t Annales.de Chimie, torn, xxxvii 
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bottle-glass, anil expose it to continued heat, insufficient tO" 
cause fusion, we obtain a crystalline substance, composed 
of numerous prisms arranged at right angles to the sur- 
laces of the glass, the external form of which remains un- 
^ altered, notwithstanding the new arrangement of the inter- 
nal particles. 

These changes, which can readily be made apparent by 
experiment, prepare us for greater changes, produced by 
similar means, though on a far different scale, in nature. 
While, however, we conceive that rocks are thus frequent- 
ly altered on the large scale, when in contact with masses 
of igneous matter which have continued to give out heat 
through long periods of time, we must not forget that rocks 
are very bad conductors of heat, and therefore we must al- 
low a reasonable limit to an action of this kind. The 
well-known fact that lava currents have been traversed by 
men while the liquid melted rock has continued to flow in 
the interior, is sufficient to pro ve the bad conducting pow- 
ers of at least such lavas. There seems, however, no ex- 
ception in this respect in favor of lava, for it appears to be 
the case with all rocks: if it were not so, and the central 
heat of our globe be founded on probability, the surface of 
our planet would be uninhabitable by all that at present 
exists upon it. 

The probable limits which we may assign to the alter- 
ation of rocks by long-continued heat is of necessity ex* 
ceedingly difficult to determine. Experiments to illus- 
trate this point can scarcely be satisfactorily made ; for 
ive can neither command the mass of heated matte?, nor 
the body of rock through which the heat has to pass be- 
fore all be reduced to a common temperature : neither can 
we command that great element, time, the necessary joint 
cause of so much we find on the sur&ce of our planet. 

As all rocks appear, with very slight variations such 
bad conductors of heat, it follows that if a great mass of 
granite or trappean rock be thrown or injected among de- 
trital rocks such as sandstones, shales, &c., much will 
depend on the facility with which the heat may pass, ofi! If 
a portion of the liquid heated rock be thrust through into 
the atmosphere, radiation will take place more rapidly than 
if it be entirely surrounded by rock, and therefore altera- 



Digitized 



by Google 



ALT£RED R0CK6. 103 

fioa around it would be more perfeet in the latter than in 
the former case. Pursuing this mode of reasoning, the 
deeper, beneath a mass of strata, igneous rock may be 
injected, the greater,* all other circumstances being 
the same, would be the alteration of the surrounding 
strata. The longer, also, a given heat should continue 
to pass through a mass of rock, the more complete 
should we expect to find the new crystalline arrangement 
of parts. 

We must be careful to limit the alteration of rocks to 
reasonable distances, measured from the body of the heated 
Igneous mass. The latter can only retain its heat, suffi- 
cient to produce the ejSect required, because the difficulty 
of parting with it is great. Therefore after a certain dis- 
tance the quantity of heat passing in a given time becomes 
too small to produce an appreciable change. I]ence the 
amount of change depends on the mass of the heated rock, 
the conditions, as to position, under which it may occur, 
and the conducting powers^ as to heat, of the surrounding 
rocks. The first gives us the greatest amount of heat, 
the second the length of time it may require to pass off, 
and the third the distance to which it may extend with 
sufficient intensity to cause alteration in the particles of 
the constituent matter of contiguous rocks. 

We shall conclude this chapter with an obversation on 
the consolidation of rocks. It at first sight seems difficult 
to expkin how certain sandstones become consolidated. 
A curious fact, noticed by M. Pouiilet, seems to throw 
fight on this subject. He states that after the plates for 
looking-glasses have received their last polish in the man- 
afeictories of Paris, they are placed side by side, like 
books slightly inclined on the shelf of a library. If they 
be now left undisturbed a long time, they adhere so strong- 
ly together, that not only is it difficult to separate them 
without breaking, but three or four pieces are sometimes 
also so far incorporated, that they may be \^orked togeth- 
er, and even cut with a diamond, as if the whole were 
originally one piece. This author also informs us that 
M. Clement Desormes showed him portions of plate glass, 
taken for the purpose of experiment from the royal man- 
' ulactory of St. Gobin, which were composed of two, three, 
or four pieces originally distinct. *' These specimens 
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were rectangular, sereral inches long, and the various 
pieces of which they were composed, thus united by time, 
at common temperatures, adhered as powerfully Yis if form- 
ed together. Great mechanical "force was requisite to 
make them slide on their junction surfaces; and when 
they were considered to have separated, it was found that, 
instead of sliding, they had broken, so that the junction 
surface of one was covered to a great extent by detached 
portions of another."* 

We might, perhaps, infer from the facts above noticed, 
that grains of quartz, so commonly constituting sandstones, 
maybe permanently • made to cohere by long-continued 
pressure, under favorable circumstances, beneath great 
masses of rock. The pressure, to which many arena- 
ceous rocks have been subjected must have been enor- 
mous : and it is remarkable that slightly aggiegated isand- 
stones are more common among the more modern than 
among the more ancient strata. There can be no doubt 
that cementing matter, chemically produced, has greatly 
promoted consolidation ; yet, probably, long-continued jux- 
taposition, under pressure, has not a little aided the pro- 
cess. We certainly discover sands without cohesion 
among strata, but such are very rare among the older 
rocks. 

It may be here observed, that arenaceous rocks long 
exposed to the percolation of water, chargea with foreign 
matter, would have a tendency to be consolidated by the 
deposition of such matter among the constituent grains. 
That silica in solution percolates through such rocks, we 
have proof in the fossil shells often converted into chalce- 
dony in sandstones, the calcareous matter of the shell hav» 
ing been removed, and silica infiltrated into the mould thus 
prepared to receive it. That silica, carbonate of lime and 
other substances percolate through rocks of much finer 
texture ^han sandstones, is proved by the formation of 
agates and other minerals in the cavities of basaltic and 
trappean rocks, such cavities having originally been pro- 
duced by bubbles of gas when the rock was in a state of 
fusion. «' 

^Pouillet, Elemens de Physique Ezpefimentale, torn. iii. p. 41. 
4Seconde Edition, Paris 183SL 



Digitized 



by Google 



.fRACTUECP COKDITIOIC, AC. 105 



CHAPTER VI. 

We have previously remarked that the surface of dry 
land has heen shattered and broken into fragments, and 
.* that there is rarely an area of a few square miles which 
does not bear marks of having been acted on by disrup- 
ting forces. Seeing that this is the case with such por- 
tions of the earth's mineral crust as rise through the 
ocean into the atmosphere, we may infer that the solid 
matter beneath the ocean is not exempt from similar frac- 
tures; for we cannot suppose that the dislocations of the 
earth's surface have been confined to those portions only 
which are accessible to our observation. We may, indeed, 
consider that the whole mineral crust of the globe is bro- 
ken into fragments of various sizes, forced into contact by 
gravitation towards the centre of the earth. The ftiore 
recent rocks must necessarily be less fractured as a whole, 
than those which are more ancient, also taken as a whole ; 
for as the former rest on the latter, dislocations in them 
caused by forces acting from beneath would traverse both 
equally, while the more ancient rocks may have been, and 
no doubt have been, broken before the comparatively re- 
cent rocks were formed. It would therefore follow, that 
in a district composed of more recent rocks, the fractures 
visible in it would not afford a just estimate of the amount 
of dislocation to which that particular part of the earth's 
mineral crust has been subjected ; for the straca beneath 
may have been greatly broken before the rocks visible in 
the district were in existence. Consequently, in tracing 
lines of dislocation, we should be careful to observe, 
whether they terminate at rocks newer than tl^ose in which 
we had traced them, whether they are continued in any 
older rock beyond the area of the newer rock, or whether 
they have in all probability never extended beyond the 
point noticed, the natural fracture having there terminated. 
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In the first case we should have evidence that the particu- 
lar line of dislocation was produced before the formation 
of the newer rock ; in the second, the relative date would 
be uncertain. 

That disturbing, forces have acted on rocks after their 
formation, is as well shown by tilted smd coi^orted strata 
as by fractures. Extensive ranges of country often have 
the beds of rock of which they are composed thrown into 
particular lines of direction. This fact is frequently ob- , 
servable in mountain-chains, though it is by no means con- 
fined to them. Such lines, when considered in the usuaL 
manner with reference to oar general ideas of distance, 
appear of considerable length ; but when viewed, as they 
should be, in connexion with the whole superficies of our 
rspheriod, a large proportion of them lose their apparent 
importance. Many of them are then readily seen to be so 
short, that the cracks or elevations of strata by which they 
«re marked may readily be conceived to have been effected 
fey comparatively small intensities of force. It is perhaps 
to a want of due attention to the relative proportions of 
^the radius of the earth to the height of mountains, and of 
rthe length of mountain-chains to the superficies of the 
globe, that .those who have considered such lines of tilted 
strata or dislocations as the result of a few, instead of very 
numerous elevations, have been supposed to call in the 
agency of forces so tremendous as almost to alarm the un- 
derstanding ; while they really have recourse to forces 
comparatively insignificant. 
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The annexed diagram (fig. 21.) may afford an idea of the 
proportion of the crust to the diameter of the earth. Con- 
sidering the whole circle as a section of our planet, the 
black outer line would be one hundred miles thick, that 
is, the thickness .of that line bears the same proportion to 
the area and diameter of the circle in the annejced figure, 
as a crust, one hundred miles deep, Avould bear to a real 
section of the earth made through its centre.* It is only 
necessary to state that the highest mountains on the face 
of the globe do not attain an elevation of six miles,t to per- 
ceive that inequalities of such an amount, even if they 
were common, instead of being, as they are, rare, might 
be produced either by contractions or expansions in the 
mass of the globe itself, and the necessary fractures and 
dislocations be comparatively insignificant. 

If the theory of central heat be founded on probability, 
as we conceive it to be, the very general occurrence of tilt- 

♦ For a figure exhibiting on larger scale the relative proportions 
of the Alps, Andes and Himalayan mountains to the radius of the- 
earth, see my Sections and Views illustrative of Oeological Phse- 
nomcna, pi. 40. 

t Chamoulari, the highest of the Himalaya chain, is said to be 
-^1,100 feet high ; or 5 1-3 miles,— Awt, £d. 
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ed and fractured rocks is of easy explanation. We re- 
quire a general cause for the production of so general an 
effect. If we suppose with M. Elie de Beaumont that the 
state of our globe is such that, in a given time, the tem- 
perature of the interior is lowered by a much greater 
quantity than that on its surface, the solid crust would 
break up to accommodate itself to the internal mass ; al- 
most imperceptibly when time and the mass of the earth 
are taken into account, but by considerable dislocations 
according to our general ideas on such subjects. We 
should expect to find the lines of fracture innumerable, 
precisely as we do find them. We should also be led to 
anticipate that new dislocations would be more readily ef- 
fected through old lines of fracture, and that under favora- 
ble circumstances, broken and tilted masses would be 
thrust up into ridges or mountain-chains. If, in the an- 
nexed exaggerated diagram, (fig. 22.). the outer circle rep- 
Fig. 22. 




resent the crust of the earth at a given time, and if we 
suppose that a subsequent contraction of the internal mass« 
which does not produce a proportional effect on the pre- 
viously existing crust, requires the latter to descend to the 
inner circle, discolations and contortions of the strata would 
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take place, and masses would be squeezed up against each 
other in order to accommodate the old surface to its new 
condition. A sectional line would be produced, some- 
what similar to that represented (fig. 22.) between the 
two circles, though by|no means bearing a like proportion 
to the diameter of the inner circle ; for it would require a 
circle many inches in diameter to render such inequalities 
risible and proportional at the same time. 

If the edges of a considerable crack or fissure be acted 
on in the manner here supposed they would apparently 
be forced upwards, by lateral pressure, with respect to the 
sea-level, ^vhich might be depressed, filling the new hol- 
lows. When we estimate the solid matter required to pro- 
duce a very considerable addition to a mountain-chain, we 
find that an equal volume of water received into a corres- 
ponding depression of surface, would, if distributed over 
the mass of the ocean, cause far less general depression of 
level than we might anticipate. 

Some geologists, misled by the idea that an accumula- 
tion of small forces will always produce the same effect 
as the sudden exertion of a great power, equal in intensity 
to the sum of the smaller forces, deride those who con- 
ceive mountains to have been raised by greater intensities 
of force than those observable in a modern earthquake. 
This is as if, having piles to drive into the ground, which 
it required the exertion of considerable force to pierce, we 
employed a pile-driver with the necessary pov^er, and 
shoula for so doing be laughed at by our friends, and ad- 
vised not to be thus extravagant in machinery, but to perch 
a man with a hammer on each pile, who, by repeatedly 
striking small blows on the head of it, would, it was con- 
sidered, accomplish the end equally well, and at much 
less cost. 

It is anything but desirable to have constant recourse to 
comparatively great power jn explaining geological phsB- 
Domena, when the exertion of a small force, or of an ac-^ 
cumulation of small forces, will afford sufficient explana- 
tion of the facts observed. This, to follow up the above 
illustration, is as if we were determined never to suffer a 
stake to be driven into a hedge without a pile-driver. We 
should be careful not to suSer any pre-conceived opinion 
8 
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to bias our views either way. We may be wrong in oar 
endeavors to attribute the exertion of forces necessary to 
produce mountains, fractures and great disturbances of 
xocks to any particular causes, but the probable inten- 
sities of the forces themselves should be most carefully 
estimated, so that should we fail in the first, we may ap- 
proximate towards truth in the second case, and thus ren- 
der our investigations of some use to the progress of sci- 
ence. 

In our endeavors to account for mountain ranges, with 
reference to the dislocations and disturbances of rocks so 
commonly observed in them, circumstances which have 
occurred beneath have always been considered as the cause 
of their existence. Even in Mr. LyelPs very ingenious 
theory respecting variations in climate produced by difier- 
ences in the elevation and position of land, the supposed 
changes in the relative position of solid surface-matter are 
necessarily caused by something acting beneath it. Con- 
sequently the climates so produced must be secondary, and 
depend for their existence on a previous movement of the 
earth's solid surface. Now as like effects must be produc- 
ed by like causes, and mountains are not local, but distribut- 
ed over the surface of the world, (for we may fairly con- 
sider that they exist as well beneath the ocean as on the 
dry land, indeed islands are often little else than the expos- 
ed tops of subaqueous mountains,) it follows that the cause 
producing them, together with the great dislocations and 
disturbances oi rocks observable on dry land, is common 
to at least the surface of a spheroid placed immediately be- 
neath the crus^. of the globe. What that cause may be is a 
separate question, and is one to which we now propose to 
call the attention of the reader. 

That the relative level of sea and land can be changed 
by earthquakes seems a well-established fact ; and it is more 
particularly to the labors of Mr. Lyell that we are indebted 
for an accumulatiofi of a mass of evidence on this subject* 
It is only when Mr. Lyell limits the intensity of this ac* 
tion to the ordinary force exhibited in a modern earthquake 
that we are inclined to differ from him on this head, 
^Earthquakes are occasionally felt, though with variable 
ilegrees of intensity, in all the Known parts of the world. 
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Like Volcanos, tbey may be considered the result of geoer- 
al causes existingr beneath the surfacie of the earth's miner- 
al crust. Now earthquakes produce long cracks and dis- 
locations of strata perfectly analogous to faults. The most 
remarkable ridge produced by an earthquake, and hitherto 
brought to light, is that noticed by Capt. Burnes, as extend- 
ing a distance of fifty miles in an east and west direction across 
the delta of the Indus, with a breadth, in some places, of 
sixteen miles, and an elevation of about ten feet above the 
level of the delta. This effect was produced by the Cutch 
earthquake, as it is termed, of 1819. Here we have a 
.'miniature representation of a mountain-chain, so far as the 
elevation of land along a given line is concerned. Frac- 
tures are not noticed, but we can readily conceive that they 
would be produced by the further exertion of an analogous 
force. A repetitioe of the same intensity of force, acting 
along the same line, would, if the beds beneath were suffi- 
ciently consolidated and brittle, cause dislocations ; if they 
were soft or yielding, they would be contorted, or drawn 
out and merely bent, as the case might be. 

If fractures be once formed in the crust of the earth, 
whether elevation be caused by squeezing the edges of the 
fracture against one another, or by matter struggling to free 
itself, the crust would be more readily acted on in the 
lines of previous fracture than in any others, for they would 
also be the lines of least resistance" It would, therefore, 
be no matter of surprise that many successive earthquakes, 
as we mfght term them should act in the same line, or 
rather that their greatest effects should be produced in such 
lines. Now if mountain ranges bore no marks of the 
exertion of greater intensities of force than those exhibit- 
ted in modern earthquakes, the mere elevation of their 
masses to comparatively considerable heights above the 
level of the sea could apparently be produced as well by 
an accumulation of the effects of such forces as by any 
other means. The examination of mountains shows us, 
however, that we must have recourse to greater inten- 
sities of force to account for the effects we there see pro-- 
duced. 

It will be readily granted that in many faults or dis* 
locations of strata it would be exceedingly difficult to say 
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whether the amoant of dislocation (and it may be consider- 
able,) has been produced by repeated shockSt or by one of 
a more powerful kind. 

Fig. 23. 




If /(fig. 23.) be a fauh traversing strata, and the a on 
the one side be removed, either by elevation or depression, 
to a on the other, it would be difficult to say, from this sec- 
tion alone, whether the difiference in th^ levels of the once 
continuous bed a was caused by several shocks, or by one. 
The polished surfaces, so common in faults, will not assist 
us much in the determination, as one powerful squeeze 
would produce the same, kind of polish as many minor 
movements. 

Neglecting for the present many dislocations which 
there is great difficulty in considering as produced other- 
wise than at one snap or break, let us consider those con- 
tortions of strata so common in mountain ranges, and not 
very unfrequent elsewhere. These exhibit not only the 
effects of force, but also some information as to its intensity. 
Contortion requires that the rocks in which it is observa- 
ble should have been in a yielcHng state, and that the par- 
ticles were capable of a certain movement among one 
another, so that when force was applied no absolute frac- 
ture was occasioned. Sir James Hall has long since shown 
that to produce contortion by lateral pressure, there must 
be resistance both above and beneath, the former at least 
being capable of yielding in a minor degree. He illus* 
trated this fact by experiment, and showed by means of a 
diagram, of which the annexed figure (fig. 24.) is a sketch, 
that these conditions are necessary to the production of 
contortions bv lateral forces. Sir James Hall took various 
pieces of cloth, some linen, some woollen, and placing them 
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horizontally on a table (c), covered tbem by a weight (a) 
acting horizontally on the pieces of clotL He then ap- 

Pig. 24. 




plied forces laterally (b b), and found that while the super- 
incumbent weight {a) was raised to a certain extent, 
the cloth was folded and contorted in a manner perfectly 
analogous to the contortions of rock observable in na- 
ture.* 

It will be obvious that if there be resistance only on one 
side, and sufficient pressure above, contortions will be pro- 
duced. It also follows, that if a mass of solid matter be 
thrust betweeen yielding beds, and that they cannot move 
sufficiently upwards, they will be squeezed and contorted 
so as to permit the presence of the intruded mass. Now 
it is worthy of attention that contorted strata are common 
on the skirts or flanks of many mountain-chains, appear- 
ing to show that, before the latter attained their existing 
forms, there was a pressure from the central parts outwards, 
causing the lateral contortions we observe. 

* Transactions of the Roval Society of Edinburgh, vol. vii. p. 85. 
Sir James Hail subsequently in vented an instrument to contort clay, 
laid In miniature beds ; the principle, however, is precisely the same, 
and the original experiment not only satisfactory, but so simple that 
any one may make it on a table with a few books and pieces of dif- 
ferently colored cloth. 
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Fig. 25. 

Blatti« 




The above (fig. 25.) is a section of the Alps, by Dr. 
Lusser, from the well-known Rigi to the Hospiee of St. 
Gothard ; g, being gneiss ; / Z, limestone ; n, nagelfluh or 
conglomerate. It is nqt exaggerated, but affofds a fair 
view of the manner in which the calcareous Alps are con- 
torted on the flanks of the central range. To produce this 
effect, we seem compelled to suppose the whole mass of 
the calcareous Alps (a series of mixed strata of limestone, 
argillaceous slates, shales and sandstone, the former pre- 
dominating,) to have been in a yielding or compartively 
soft state. We can scarcely suppose, with any approach 
to probability, that the soft yielding condition of this mass 
of matter should have continued sufficiently long to enablp 
a succession of small shocks, of no greater intensity than 
those of a modern earthquake, to have .acted upon it. The 
whole strongly impresses us with the idea of a powerful 
exertion of force, forcing the limestone and associated 
beds outwards. And, as if to support this view, the nagel- 
fluh or conglomerate of the Rigi, a rock really posterior 
to the limestone series, is tossed over: so that it plunges 
beneath the latter, and appears to support that which in 
reality supported it before the exertion of the force that 
upset the whole. This section is so striking that it may be 
supposed to be selected from a multitude of others on 
which a contrary opinion might be founded. It certainly 
is a good example of contorted strata on the large scale ; 
but numerous others, equally good, might readily be ad- 
duced. In the Alps themselves better sections might be 
produced of l?uge masses, of matter, constituting whole 
mountains, fractured and tossed over in such a manner 
that it seems impossible to consider tl;iem otherwise than bro- 
ken and heaved out of their original places by the exertion of 
powerful forces ; forces of an intensity in comparison with 
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which that of a modern earthqaake woald be trifling. It 
must not hence be concluded that we consider the power- 
ful exertion of similar forces 'to be now impossible, but 
simply that the intensity of force exhibited in a modern 
earthquake is insignificant when compared with those 
which have produced and may hereafter produce, high 
ranges of mountains. 

The amount of lateral pressure and resistance to it are 
not the only circumstances to which we must direct our 
attention ; we have also to account for the necessary soft 
condition of the rocks acted on, and the superincumbent 
weight by which they are prevented from being merely 
thrust upwards. If, in the annexed section (fig. 26.), a a 
represent two rocks, or fractured portions of one rock. 




squeezed together, in consequence of depressions at a and 
a, they will be merely thrust upwards at b, with perhaps 
a small amount of contortion of the softer beds at c, if there 
be such in the lower parts, and therefore not only exposed 
to lateral pressure, but to that arising from the weight of 
the superincumbent mass of rock. If, instead of being 
squeezed together by depression on either side, the rocks a 
a be thrust upwards by the intrusion of a mass of rocky 
matter, the section would be as annexed (fig. 27.), whe re 
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Fig. 27. 




represents the intruded matter, a a would be merely tilted, 
with perhaps some contortion of the softer inferior 
beds, if the latter be more yielding than the mass in- 
truded. 

Neither of these hypothetical sections agrees with that 
of the northern side of the Alps previously given (fig 25). 
We can obtain the observed contortions only beneath pres- 
sure, and that of no ordinary kind. We might, indeed, 
get contortions towards the central parts in these sections, 
when the weight of the superincumbent matter was suffi- 
ciently great : but to have produced such an effect in the 
Alps, we must suppose the subsequent removal of such aa 
enormous mass of superincumbent matter, necessary to 
cause the effects observed, that we are quite at a loss to con- 
ceive how this has been accomplished. An immense vol- 
ume of matter has indeed been carried away, as the great 
masses of conglomerate and sandstone on the flank^ of 
the chain, and evidently derived from it, abundantly testi- 
fy ; but how far the amount of this mass would be suffi- 
cient for the effects required is not apparent. 

The question of how such a volume of matter as that 
composing the contorted calcareous Alps was sufficiently 
softened, if previously indurated, or kept soft, if never con- 
solidated as rocks usually are, before being acted on by the 
contorting cause, appears to be one of no ordinary difficul- 
ty ; and this difficulty not only attends this case, but also 
an abundance of others. As we might expect, shales and 
clays are frequently contorted, in a disturbed district, 
while associated limestones and sandstones are merely 
ractured. The harder strata have snapped, and the solh 
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er have bent. There is nothing in saeh pheoomena 
which is not readily understood. When, however, we 
find hard siliceous and other sandstones, compact lime- 
stoneSi and even brittle substances, twisted and bent into 
every imaginable shape, and requiring a very soft yet te- 
nacious condition of matter, the subject is any thing but 
easy. If we have recourse to heat, we must recollect that 
rocks are very bad conductors of it, and, consequently, that' 
no great thickness of them could be softened, so as to sub- 
mit to flexure from this cause without fusion in the lower, 
parts ; at least such would be the effect we should antici- 
pate from our present knowledge on such subjects. 

When we suppose that contorted rocks were not con* 
solidated before they took the forms we now see, there is 
again difficulty, more particularly when we consider that 
rocks of different ages are sometimes twisted together. 
Compact limestones, 'SO frequently contorted, would scarcer 
ly remain long unconsolidated if they have been produced 
by a chemical deposit of carbonate of lime, either alone or 
among organic remains. Modern deposits of carbonate of 
lime, whether formed in the atmosphere or beneath water, 
either fresh or of the sea, are indurated almost from the 
commencement of the deposition. So that if the lime- 
stones of former periods have been produced in a manner 
in any respect analogous, many must have been indurated 
before they were contorted. Carboniferous limestone and 
coal-measures are twisted together, evidently by the same 
disturbing cause, in Pembrokeshire and other places. 
Now, in this case, we can scarcely conceive the carboni- 
ferous limestone otherwise than consolidated prior to its 
present condition as regards disturbance ; for the coal- 
measures, a deposit clearly requiring a great lapse of time 
for its production, were formed before both rocks suffered 
equally from the same contorting force. 

One thing we certainly are acquainted with, and which 
may assist us in the explanation of these and similar facts, 
and that is, the extent to which the particles of various 
rocks, particularly when water is disseniinated among 
them, may be compelled to move among each other by 
great lateral pressure, and beneath a superincumbent 
weight, so great that they cannot absolutely separate from 
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one another. The resistance would no doubt be enormous, 
so great indeed that we should expect the pressure would 
tend rather to pulverise than contort the mass, if solids be 
foiced against solids. It would not, however, be dry ; it 
would be variously mixed, according to the constituent 
rocks, with water; for the latter is disseminated amongf 
strata to a greater extent than is generally imagined, as 
may be readily shown by subjecting portions taken from 
considerable depths to immediate experiment. Water is 
even disseminated among limestones; among the less 
compact it must exist in considerable quantity taken as a 
mass ; for when dry specimens are placed in contact with 
water, capillary attraction is as apparent as if a lump of 
sugar were used instead of the limestone. Dry oolite, 
such as that of Bath or Portland, absorbs water with con- 
siderable rapidity when placed in contact, with it. It is 
exceedingly difficult to expel moisture from rocks, partic- 
ularly if the fragments employed be large ; but if moder- 
ately sized specimens of mixed rocks, more especially of 
the superior stratified or fossiliferous strata, be taken and 
exposed to considerable heat, sufficient to drive off at least 
a large part of the contained water, then weighed, and af- 
terwards allowed to absorb as much water as they can take 
up, and again weighed, the difference of weight will be 
found greater than at first sight might be anticipated. 

Although water is thus widely disseminated among 
rocks, it does not follow that its presence there is alone 
sufficient to give such soilness to rocks that they may be 
twisted and bent in any direction. If it were so, rocks, 
containing a mean amount of disseminated moisture, would 
generally be bent, not fractured, when acted on by power- 
ful forces. It may, however, assist contortion by permit- 
ting a certain amount of passage among the particles of 
(he bodies acted on, and also by affording a certain kind 
of ducility to their mass. That the particles of solid mat- 
ter may be made to pass more freely among one another 
than was once considered possible, and without such mat- 
ter becoming liquid, is proved by their change of position 
in cases previously noticed (p. 101.), where their relative 
positions must have been altered in a most curious roan- 
oer, even in one case, as it would appear, by mere expo- 
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sure to the solar rays. The nearly constant presence of 
disseminated water among rocks, under ordinary circum^ 
stances, is here brought forward for the purpose ©f exciting 
farther inqniry, and as one of the elements that should be 
taken into account when we study the causes of contorted 
strata. We may here make another remark. Numer- 
ous contortions are often observable among the stratified 
rocks where igneous rocks are also common, and wheni 
the latter seem evidently to have been protruded at the 
same time that the contortions -were effected. The mere- 
lateral pressure of liquid melted rock against a solid strati-- 
fied mass would not contort the latter to any considerable- 
extent, if the fluid rose freely upward^ into air or water, 
encountering little resistance in that direction. It would 
no doubt strive to introduce itself among the strata, and 
"wouki effect this according to the height and consequent 
pressure of a superincumbent column of matter, as has 
been noticed elsewhere;* but this would be a very differ- 
ent operation from squeezing up the whole mass on either 
side into great bends and flexures of every description. 

Now the association of igneous and contorted * rocks ia 
so common, that there must be something connected with 
the former, which has had an influence on the latter. A 
liquid mass of fused rock cannot be forced from beneath 
through solid stratified masses without the prior fracture of 
such masses, caused either by the force with which the 
fluid matter is propelled upwards, the escape of vapor or 
gas from a highly compressed state, the subsidence of two 
ends of a large tabular mass of rock, by which a rent or 
dislocation is produced in the central parts, or by various 
combinations of these disrupting forces. If, however, a 
mass of liquid rock would not by mere lateral pressure 
cause the great contortions we observe, its heat would tend 
to drive the moisture in the stratified rocks to a greater 
distance from the fused mass. There would, in fact, be a 
tendency to steam the stratified rock, and the heated aque- 
ous vapor would pass more readily between the lamin®, 
or among the fissures of stratification and cleavage, than 
in any other direction, for they would be the lines of least 

* Geological Manual, p. 140. 
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resitttnce. Hence a rock may, under such conditions, 
be heated beyond the part that would be acted on if it were 
dry. and a superabundant amount of moisture be forced in- 
to those portions which retained a comparatively low tem- 
perature. A state I of things would be produced by no 
means unfavorable to contortion, and not without its influ- 
ence in. the chemical alteration of rocks, in cases where 
ous matter is protruded through, or injected among 



* It will probably assist us ia considering the quantity of water 
which can percolate through rocks in a short time, if it be recollect^ 
ed that, from the retiuns of duty done by the steam engines in the 
mining district of Cornwall, the mean amount of water raised by 
the Cornish steam engines in 1833 was equal to 16, 550 imperial - 
gallons per minute, and that of this amount the Consolidated mines 
alone afforded a mean of 3161 gallons per minute. # 

My friend Mr. Richard Taylor informs me that in all the mining 
districts where he has made observations, Tan d his opportunities for 
so doing have been abundant,) he found ttie quantit3r of water in a 
mine to vary with, and depend upon, the rain falling in the districts 
where it was situated. Seasons of heavy rain are followed by a 
ereat increase of water in a mine, and the reverse happens from 
drought. The time which elapses before the effect of these causes 
manifests itself in the mines varies considerably, and depends on 
the geological character and physical features of the countiy where 
the mines occur, and even on the peculiar geological circumstances 
in each mine in the same district. He has observed that in 'car- 
boniferous limestone districts the percolation of rain-water is par- 
ticularly rapid, and such that a heavy fall of rain will overpower 
the machinery sufficient for ordinary drainage. He has known in- 
stances where a heavy fall of rain has produced within three or 
four hours so great an increase in the water of two mines, Pent y 
Bnarth and Cathoie, on the Mold moantain, Flintshire, that the 
steam engines, after having been increased in speed from 3 or 4 
strokes per minute, to the extent of their power, about 5 times as ma- 
ny, were yet incapable of preventing the water from rajjidly in- 
creasing and filling the workings. It appears that the physical fea- 
tures of the country favor the introduction of rain-water into these 
veins, and that there are great cross courses or faults which can be 
traced several miles, and which pgur torrents of water into the 
veins. They are , in fact, channels for subterranean rivers, and Mr. 
Taylor remarks that the latter carry with them a quantity of sand 
and gravel, the detritus of the rocks through which they pass. 

The collective amount of water which passes through faults and 
fissures must be enormous, and when added to that contained in 
rocks ^themselves, shows us the volume of it which may percolate 
downwards. Probably there are compensations,to a certain amounr, 
in the proportions of water falling on the surface and percolating at 
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The most favorable coDdition for contortion appears tor 
be pres^sure of solid matter on yielding stratified substances, 
whicl^ while they bend, also slide to a certain extent on 
the planes of stratification. Stratified rocks do not consti* 
tute one homogeneous solid mass even in cases, which are 
necessarily rare, where the strata are all similar in every 
respect ; they are masses composed of numerous solids 
piled on one another, and readily separating in the lioes^of 
the beds. If the particles composing the strata can move 
among one another to a moderate extent, that is, the rock be 
sufficiently softened, and lateral pressure applied, they must 
become twisted and bent under a superincumbent weight of 
sufficient power. We can readily conceive, in the section 
previously given (p. 14), that the matter of the calcareous 
Alps has been squeezed laterally by the pressure of the 
gneiss and other rocks of the central chain upon it. This 
would equally happen, whether the central Alps were 
thrown up by pressure from subsidence on either side, or 
by powerful expansive forces acting from beneath, and 
overcoming the resistance above. In many cases we may 
suppose the strata unconsolidated prior to contortion ; in 
others, they appear to have been softened after consolida- 
tion.* Heat and moisture would have great influence on 
the condition of the stratified matter so softened. Contor- 
tion from lateral pressure cannot be produced without a 
superincumbent weight, which, though yielding, is suffi- 
cient to prevent the mass from being merely turned up. 
When, therefore, we find contorted strata on the surface of 
dry land, we know that they are not now in the same rela- 
tive position in which they were so contorted. The pres- 
sure of the atmosphere being insufficient to produce the 
efTect required, the essential superincumbent weight, (no 
consequence what that weight may have been), is removed. 

moderate depths; for my friend Mr. Davies Gilbert calculates that 
a fall of rain, one inch deep, upon a statute acre is equal to about 
100 tons. 

♦ In my Report on the Cteology of Massachusetts (p. 179, 180, 181, 
second Edition) I have given drawings to illustrated some contor- 
tions on a small scale in the clay beds of the valley of the Connecti- 
cat, which must have been produced by the action of water during 
deposition, and previous to consolidation also, since this clay is 
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CHAPTER VII. 

We- have seen that tilted strata, forming mountain 
granges and many other Inequalities on the earth's surface^ 
may be due to two causes. They may be caused by the 
upward pressure of the sides of a fissure against each oth- 
«r, arising from the unequal subsidence of large masses, 
or by the intrusion of matter thrown up by elastic forces 
acting from beneath. Radiation of heat from the mass of 
the earth would necessarily decrease its volume, from the 
consequent approximation 9f particles ; whereas, if we 
suppose the oxidation of a metallic nucleus, having the 
same temperature as the surrounding planetary spaces, the 
volume of such nucleus would be increased. It would, in 
the latter case, take oxygen from its liquid or gaseous en- 
velope, and consequently abstract matter from it ; the sur- 
face of the metallic oaucleus would also become heated from 
the union of oxygen with certain metallic bases, but the 
expansion thus caused would gradually subside, and leave 
only the increased volume of solid matter arising from the 
new combination. 

A cold metallic nucleus, particularly if sodium, potassi- 
um, and bodies of the like kind, were abundant on its sur- 
face, would speedily become oxidized, whether covered by 
water or by an atmosphere containing oxygen. But the 
oxidation of the surface being accomplished, and adnait- 
ting that numerous cracks and fissures might be produced 
in the first crust, from the percolation of water through it, 
the oxygen combining with metallic bases and the elastic 
force of the disengaged hydrogen forcing it up ; one does 
not exactly see how those long lines of elevation were pro- 
duced, that are so common on the earth's surface, and of 

not hardened. Similar example are given by Mr. Lyell in the third 
volume of his Principles of Geology, p. 174. These instances may 
•explain the cause of the minor coDtortions in rock: but not those 
xefered to in (he text on a large scale.— Am. Ed» 
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which the most remarkable appear to be the mountain 
ranges of North and South America. The heat caused by 
the combination of oxygen with such substances as potas- 
sium and sodium would not only assist in producing frac- 
tures by giving greater expansive force to the hydrogen, 
upon the supposition of water percolating to such bodies, 
but it would often cause the fusion of the inferior portion 
of the previously oxidized crust, which might thus be 
forced upwards through the fractures. 

Now gaseous matter is evolved, and liquid melted rock 
forced up ip so many points on the earth's surface, under 
circumstances which render the theory of the percolation 
of wate-r to the metallic bases of certain substances so 
plausible, that it is one we should not neglect ; neither 
«hould we reject it because it does not afford a good ex- 
planationof many phsenomena which have been attributed 
to combinations of this kind. We should rather seek to 
discover the extent to which it may account for observed 
phdBQomena when combined with the theory of central 
heat. 

It has previously been observed that the gaseous condi- 
tion of our planet, caused by sufficient heat, might pro- 
duce an interior metallic crust above which the greater 
proportion of oxygen and some other simple non-metallic 
substances might be driven, thus leaving the metals, in the 
lower part of such crust, in a great degree uncombined 
with other substances. We will not again repeat what 
may be considered the probable effects of radiated heat, 
both on the mass and surface of the globe. It is only ne- 
cessary to remark^ that the fissures and dislocations so pro- 
duced would be highly fevorable to the introduction of 
water to the metallic bases of certain of the earths and al- 
kalies. By combining the effects that might be'caused by 
the radiation of central heat, and by the percolation of 
wat^r to the metallic bases of certain earths and alkalies 
beneath a given depth of the earth's oxidized crust, we 
seem to arrive at explanations more or less plausible, 
which are not so readily attained by means of either theorv 
taken by itself. The greaJt leading elevations of lana, 
^jbservablfi in our continents and islands, as also the^rinci- 
j)al lines of disturbed strata, seem best explained by the 
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gradual refrigeratioD o( the mass of matter composing our 
globe, while a large proportion of phsBDomena observable 
in volcanic eruptions appear best to accord with the theory 
of the percolation of water, containing certain substances 
in solution, to the metallic bases of the earths and alkalies. 
We should in this, as in many other cases, strive rather to 
combine fair explanations of phenomena, though they 
may at first sight appear somewhat discordant, than to 
adopt one leading theory with the determination to sse 
nothing except through its medium, and hence distort, and 
even omit, facts, often unintentionally, and in^he heat of 
contest, for the purpose of supporting it. 

It has often been observed that thermal springs are 
thrown out from fractured or disturbed strata, either in 
toountain-chains or in more level lands, and tbat the con- 
stancy of their temperatures is very remarkable, the cases 
being exceedingly rare in which any change has been sus- 
pected. Such effects can, we should conceive, be only pro- 
duced by some general like causes. General heat beneath 
the surface, arising either from central heat, or from a de* 
composition of part of the water percolating to certain me- 
tallic bases, supposing these to be commonly distributed 
beneath the earth's oxidized crust, would be readily obtain- 
ed. There is, however, this difference between the two 
causes ; in the former the water would be little more than 
heated, while in the latter a part of it at least would be de- 
composed, liberating a body of hydrogen, which must ei- 
ther combine with something beneath, or eventually pass 
upwards into the atmosphere. Sulphuretted hydrogen, a 
compound very readily absorbed by water, is indeed con- 
tained in some thermal springs, but it does not occur in alL 
Many thermal springs neither give us hydrogen combined 
or uncombined, except' as a component part of the water it- 
self. If, therefore, such thermal springs have been heated 
by the decomposition of part of the water percolating to cer- 
tain metallic bases, the hydrogen of the water decomposed 
must either remain behind, combined with some substance, 
or be set free. We can scarcely consider the latter proba- 
ble, for.the vent which would permit the undecomposed wa- 
ter to rise to the surface of land, would permit the escape of 
the gas and as to the former, there are many difficulties. 
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Should water percolate to the metallic bases bo often 
mentioned, we should expect that the resulting action 
would be more violent in its effects than the general phae- 
nomena of thermal springs seem to attest ; something 
more resembling volcanic action. The effects productive 
of thermal springs may indeed be secondary, that is, the 
heated water and the contained substances of many springs 
may be driven off in the shape of vapor and gas, the 
aqueous vapor becoming liquefied, and absorbing certain 
gaseous substances, such as sulphuretted hydrogen and 
carbonic a^id, when the fissures of the rock through which 
it passed were cool enough to permit its liquid state, and 
the temperature sufficiently low. This seems to be actu- 
ally the case where condensed aqueous vapor, containing 
gases which it has absorbed, flows out of clefts of volca- 
nos in the shape of hot springs. The steam rushing out 
of the Solfatara, near Naples, was found by Dr. Daubeny 
to contain sulphuretted hydrogen and muriatic Acid. Now 
it is obvious that if this steam passed upwards through a 
Assure of rock, sufficiently cool to condense the aqueous 
vapor, the result would be a thermal spring ; the elas- 
ticity of the steam beneath being sufficient to propel the 
water upwards and produce a flow of it, the requisite 
additional quantity being always furnished by the con- 
densation of the steam continually discharged. It would 
moreover be mineral, as is it termea, more particularly 
if the muriatic acid united with some substance, such as 
lime or magnesia and thereby produced a compound 
soluble in water, as might readily happen in the pas- 
sage of the water through limestones, either common or 
magnesian. 

It will be obvious that many other substances, besides 
those noticed above, might be mixed with the steam rush- 
ing out of the Neapolitan Solfatara, and very probably do 
accompany the aqueous vapors discharged from many 
other solfataras. The results of such causes would be 
the production of mineral and thermal springs in abun- 
dance, when the steam was condensed in clefts or fissures 
of rock, sufficiently cool. So long as there was a supply 
of steam beneath, its elasticity would probably cause the 
propulsion of the condensed aqueous vapor above it : this 
9 
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^ause would also explain the constant temperature, as re- 
gards each, of thermal springs. While the steam. in a 
cleft rose to a given height, so long would the temperature 
of the water discharged on the ^surface remain the 
same, being exposed to equal circumstances. From the 
bad conducting power of rocks, the sides of the cleft or 
iissure would soon take their proper temperature, which 
they might keep during centuries. 

Dr. Daubeny, in his remarks on thermal waters, has 
insisted on the very common presence of nitrogen in them 
as a proof that the water has originally been derived 
from the surface of the globe, that it there contained at- 
mospheric air^ and that, descending into the earth, the at- 
mospheric air was deprived of its oxygen ])y some process 
of combustion. We have seen (p. 25.), that nitrogen is 
not altogether absent from rocks, being contained some- 
what abundantly in coal.' In this case, however, it may 
be regarded as existing in a secondary condition, having 
been derived from the atmosphere in the first instance. 
Nitrogen has not been detected in rocks which are not 
fossiliferous: it does not indeed follow that this substance 
may not exist as well beneath the crust of the earth a« in 
the atmosphere ; but taking our present knowledge as a 
guide, the probabilities are in favor of its being confined 
to the atmosphere, or to bodies which have acquired it 
from the atmosphere in the first instance. If thermal 
springs were confined^ to districts of coal>measures, or oth- 
er rocks in which nitrogen ifl entombed, or to situations 
where such rocks may occur beneath those strata whence 
the springs actually rise to the surface of land ; the pres* 
ence of this substance might be due to its escape from the 
rocks traversed by the waters in their passage upwards. 
The occuirence of nitrogen in the thermal waters of nu- 
merous localities, where we have no reason to suspect 
the existence of similar rocks, or those which might af- 
ford this substance, incline us to believe that, contained in 
water, it percolates to those situations whence thermal 
springs derive their heat 

If atmosphereric air, contained in water, descend to sit- 
uations beneath the earth's surface where the whole is 
^heated, the oxygen of that air maybe separated* ^nd nitre- 
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^3n evolved. Supposing the water with the contained air 
to come into contact with such substances as sodium and 
potassium, we should expect to have at least a decorapo* 
sition of part of the water, and a consequent evolution of 
hydrogen. Now as hydrogen, either free or combined 
with substances other than oxygen, and then constituting^ 
the water itself, is not found in all thermal springs, though 
it is present in some, we are led to conclude that the union 
of oxygen with a metallic base causing great heat, is not 
necessary to the existence of such heated waters. The 
volcanic conditions, above adverted to, no doubt may, and 
probably do, cause numerous thermal springs." The con* 
densation of steam impregnated with the gaseous and va- 
porized matter thrown off by volcanos would afford results 
.80 like the chemical contents of certain thermal springs, 
more particularly when; we consider the effects which 
•may be produced by the percolation of waters, so impreg- 
nated, through many rocks, that there is much difficulty in 
resisting the conclusion that some at least are due to sim- 
ilar causes. 

To explain the origin of many thermal springs, even 
when nitrogen is present in them, and when sulphuretted 
hydrogen and certain like compounds are absent, other 
conditions would suffice. The percolation of water, im- 
pregnated with atmospheric air, to depths where it would 
take a high temperature from the effects of central heat, 
and the more quiet oxidation of substances by means of 
the oxygen of the contained air, would afford us effects ad- 
equate to explain those we observe in many thermal 
fiprings. In either case the elastic force of steam appears 
necessary for the propulsion of the water upwards through 
the cracks and fissures of the earth's crust, whether in 
mountain ranges or elsewhere. The theory of central 
heat would give us the necessary temperature at reasona- 
ble depths, and the decomposition of water by certain me- 
tallic bases would produce the same effect. We seem to 
make a fairer approximation towards an explanation of the 
phenomena of therrfaal springs when we combine central 
beat with the decomposition of water by certain metallic 
bases, suck water being variously impregnated with for- 
eign matter. The equal tempet ature of hot springs wonl4 
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be explained by central heat ; for thougrh thermal waters 
maybe only condensed steam, still the power of the aque- 
ous vapor to a constant height in the fissure, through which 
the hot water escapes, must depend upon the regularity of 
the heat beneath. This effect could scarcely be produced 
by the mere oxidation of a metallic base, because the Icsa 
the thickness of the resulting oxide, the greater the heat, 
from the comparative facility of combination ; and conse- 
quently, after a time, the heat thus caused would decrease, 
at least until a fresh exposure of the metallic base be ob- 
tained, by fracture of the oxidized crust, or otherwise. 

In volcanos we not only require great heat, but also 
chemical combinations and changes, which shall produce 
the gaseous and liquid substances evolved and thrown out 
when they are in activity. Aqueous vapor is in general 
very abundant. The principal gases hitherto detected con- 
sist, according to Dr. Daubeny, of muriatic acid gas, sul- 
phur combined with oxygen or hydrogen, carbonic acid 
gas, and nitrogen. ,The sublimations of Vesuvius are, ac- 
cording to Sir Humphry Davy, common salt, chloride of 
iron, sulphate or soda, muriate and sulphate of potash, and 
a small quantity of oxide of copper. M- Boussingault, 
who has examined the gases and vapors discharged from 
Tolima, Purace, Pasto, Tuqueres, and Cumbal, volcanos 
of equinoctial America, considers that such gases and va- 
pors consist of a great volume of aqueous vapor, carbonic 
acid, sulphuretted hydrogen, and sometimes the vapor of 
sulphur. He remarks that the sulphurous acid and nitro- 
gen found in these craters are accidentally present ; and 
that muriatic acid gas, pure hydrogen, and nitrogen, were 
not evolved from these volcanos.* The gases evolved from 
volcanos, and the sublimations discovered in and around 
them, have been examined by few competent chemists ; and 
those to whom we are indebted for our information on this 
head have, in a great measure, confined their attention to 
a few volcanic vents of Italy, Sicily, other Mediterranean 
islands, and of equinoctial America. The field of obser- 
vation has therefore been limited, moife particularly when 

« ♦ Annales de Chimie et de Physique, torn. lii. p. 23. 1833. 
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we consider the numerous volcanps scattered over the 
world. 

It will be obvious that many other products than those 
above enumerated may be detected in volcanos. Indeed 
we can scarcely suppose that a variety of substances thrown 
tog'ether, and exposed to great heat, can do otherwise than 
afiord products varying according to the conditions under 
which the volcano itself exists. However similar the gen- 
eral products of volcanos may be, many must be influenc- 
ed by such circumstances. Fragments of rock broken 
from the sides of the vent are often thrown out with little 
change, the rapidity of their discharge having prevented 
any action of the heat or volcanic substances upon them;, 
but it must very frequently happen that they fall into the 
incandescent mass, and thus assist in the formation of new 
compounds. According, therefore, to the nature and abund- 
ance of the disrupted rocks would be the resulting products. 
We might hence infer, what is matter of fact, that volcanic 
countries offer a rich field for the labors of the mineralo- 
gist. 

When we observe liquid incandescent lava in a volcanic 
crater, we generally find that it is greatly agitated by the 
passage of vapor or gas through it. At intervals the vol- 
ume of vapor or gas is greater than at others, and is dis- 
charged with a proportionate force, sometimes so great as 
to throw up a mass of the liquid incandescent rock, and to 
scatter it on all sides. The column of lava often appears 
as if in a great measure sustained by compressed gaseous 
matter beneath, which, when it has acquired sufficient force, 
uplifts the viscous substance above and escapes. The 
pressure of the superincumbent lava on the gases and va- 
pors must often be very considerable ; and there must al- 
ways be a constant struggle between the compressing force 
of the lava and the expansive power of the heat, producing 
effects dependent on the relative intensity of each. We 
have seen that many gases are rendered liquid by a com- 
paratively small amount of pressure : so that if by any 
chance, such as the' dormant state of a volcano, some of 
them should be liquefied, their return to a gaseous state, 
produced by the application of the necessary heat, would 
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cause explosions not only sodden but of extreme TiO' 
Jence.* 

The abundance of aqueous vapor discharged, and the 
common occurrence of volcanos in the sea or around 
coasts, naturally suggest the idea of the percolation of sea- 
water to certain metallic bases of the alkalies and earths. 
It has been supposed that the salts sublimed, and the mur- 
iatic acid gas evolved, give great countenance to this hy- 
pothesis ; but the precolation of sea-virater to incandescent 
matter, such as lava, would, under certain circumstances, 
produce somewhat similar results. When we obtain hy- 
drogen in abundance, we seem to require tjie decomposi- 
tion of at least a portion of the nyater. How far the sul- 
phur requisite for the production of the sulphuretted hydro- 
gen, often observed, maybe derived immediately from the 
seat of volcanic action, or from the sulphate of soda con- 
tained in sea-water, is an interesting question, because it 
leads to an estimate, under this theory of the substances 
situated beneath, and in the foci of, volcanic action, which 
it may be necessary to add to the contents of the sea- 
water itself, to account for the vapors and gaseous matter 
evolved. 

We now know that volcanos e^tist at considerable dis- 
tances from the sea. There is, according to MM. Kala- 
proth, Abel Remusat and Humboldt, a volcanic region in 
central Asia, between 300 and 400 leagues from the 
ocean, with an area of/about 2500 square geographical 
miles. In the central chain of the Andes, also, the Peak 
of Tolima has been in a state of eruption more than once 
since historical times. Now it would-be highly interest- 
ing to study how far the gaseous matters - evolved from 
these vents, so distant from the sea, differ from those dis- 
charged from vents either surrounded by, or not far distant 
from, the waters of the ocean. Where saline lakes or 

♦ Mr. Poulett Scrope has remarked (Consideration on Volcanos, 
p. 82.), that the great projectile force of the elastic v*por discharg- 
ed from a volcano is occasioned by circumstances analogous to 
those produced by the ignition of gunpowder in a cannon, as far as 
regards the direction and force communicated to the discharged va- 
pors or gases, the sides of the volcanic vent or pipe correspoadinj 
to those of the cannon. 
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inland seas are present, as might be the case in some parts 
of Asia, the results would be equivocal. The percolation 
of water through rocks impregnated with saline matter 
would also render the observations uncertain ; yet it would 
be most valuable to have observations, by experienced chem- 
ists, on the products of volcanos differently situated as re- 
gards their proximity to the sea. By such means we 
should more surely approximate towards a knowledge of 
the causes of volcanic action. 

The most marked substance which we should not expect 
the sea, from its known contents, to carry to volcanic foci» 
is carbonic acid, a gas often evolved in considerable abund- 
ance, particularly at the termination of eruptions, as if 
escaping after the great mass of matter has been thrown 
out. Now this is a substance brought freely to the surface 
of the earth both by thermal and cold springs. Its pre- 
sence in the former is interesting as connected with vol- 
canos ; indeed the celd condition of the other waters con- 
taining it does not prove that such waters may not orig- 
inally have been heated, and have become cooled in 
their passage to the surface. The weight of a column 
of water above, and the pressure of steam beneath, 
might force the water of springs so circumstanced to 
take up more carbonic acid than it would otherwise 
do, upon the same principle that artificial carbonated 
waters are prepared under pressure. The warmer the 
water, all other things being the same, the less would ne- 
cessarily be the quantity of carbonic gas ; and we see that 
the Carlsbad water, with a temperature of 165° Fahr., con- 
tain five cubic inches of this gas in a wine pint,* while 
those of Pyrmont are impregnated with it to the amount of 
twenty-six cubic inches in the same measure, the spring 
XK3t being thermal. f 

One of the great characteristics of volcanic action is the 
yiolent evolution of gaseous matter and aqueous vapor. 
Possibly some of the latter may be«pToduced by an union 
of free hydrogen with the oxygen of the atmosphere, and 
there would generally be no want of electric discharges- 
to produce the combination^ for such are the very common 

• BetzfiUu^ , tBergma»A. 
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accompanirQents of eruptions ; but the great mass of it 
really seems to be water converted into steam, and driven off 
with no ordinary force. We should obtain aqueous va- 
por in abundance by the discharge of water on incande- 
scent matter ; but the production of some of the gases 
evolved by the mere decomposition of the salts dissolved 
in sea-water appears to be more difficult by the same means. 
Chloride of sodium is common as a sublimation in volcanos, 
and chloride of iron has been detected among the Vesu- 
vian products by Sir Humphry Davy. The chloride of 
sodium is, however, nothing but dry sea-salt, so that we ob- 
tain it by the mere action of heat, and the evaporation of 
the sea-water. Muriatic acid gas is frequently observed 
in volcanic eruptions, but no estimate has yet been made 
as to its relative importance, and it would remain a ques- 
tion how far it might be produced in the volcano itself by 
a combination of hydrogen with chlorine, or be directly ob-' 
tained from sea-water. • 

The relative amount of hydrogen gas evolved, either 
combined with sulphur, as sulphuretted hydrogen, or free, 
is important, because from it some estimate might be form- 
ed of the necessity, or supposed necessity, of the decompo- 
sition of water to account for the phaenomena observed. If 
volcanic action depends on the decomposition of water, the 
oxygen uniting with the metallic bases of certain earths 
and alkalies, an enormous volume of hydrogen, viewed 
collectively, would be evolved. Dr. Daubeny has suggest- 
ed that the hydrogen thrown into (be atmosphere would 
combine with oxygen, from .water, and be again conveyed 
to metallic bases, again to be liberated ; so that a given 
amount of hydrogen would merely act as a carrier, and 
there would be no great accumulation of this substance in 
the atmosphere. One curious result would, however, be 
produced if oxygen be separated from the atmosphere by 
these or any other similar means ; the volume of oxygen 
in it must decrease in a ratio proportionate to the number 
and intensity of volcanic eruptions. 

Information respecting volcanic vapors, gases and sub- 
limations is undoubtedly very limited, and not exactly such 
as we require for a full consideration of the subject : but 
as far as it extends, the percolation of water to Tolcanic 
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foci appears requisite for the phaenoinena observed. Wheth- 
er wd are to suppose the water decomposed, at least a por- 
tion of it, thus producing heat, or whether it merely falls 
on incandescent matter, are separate questions. Elastic 
vapors or gases seem necessary to the propulsion of the 
solid and liquid matters ejected. Their discharge always 
accompanies a great eruption, and their propulsion of li- 
quid of solid matter into the atmosphere is one of the most 
marked and imposing features of volcanic eruptions. 
Now the mere fracture of the earth's crust, even deep 
enough to reach the liquid incandescent matter does not 
appear sufficient in itself to produce the effects we witness 
in active volcanos, unless we suppose the elastic vapors 
and gases, so commonly discharged, to be constantly pres- 
ent beneath the earth's solid crust, over all parts of the 
globe. This supposition implies a state of things very 
difficult to» conceive, more particularly when we consider 
the kind of vapors and gases evolved. At all events, it 
does not offer the same simplicity as the hypothesis of the 
percolation of sea or other waters, through fractured strata, 
to volcanic foci, where they undergo changes, whatever 
their immediate cause may be, producing at least a large 
proportion of the elastic vapors and gases so important in 
all volcanic eruptions. 

We may here remark that sub-aqueous would so far 
differ from sub-aerial volcanos, that the vapors and gases 
evolved from the vent would, for the most part, be readily 
absorbed in the first case, and not escape into the atmos- 
phere, unless the crater be so near the surface of the sea, 
that the force with which the vapors and gases are expel- 
led is sufficient to overcome the resistance of the superin- 
cumbent weight. At moderate depths this resistance 
would, however, be sufficient, more particularly when add- 
ed to the facility with which most of the vapors and gases 
would combine with water. Aqueous vapor would readily 
disappear, and only be carried high above the discharging 
crater wlfcn near the surface of the water, as was the case 
during the formation of the island of Sciacca, in 1831, be- 
tween Sicily and Pantellaria. Such aqueous vapor con- 
condensed is in the condition of water from which air has 
been driven by ebullition ; it is in fact distilled water. Its 
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temperature would soon be reduced by the surrounditrg' 
mass of sea, and it would speedily be, though soniewbat 
mixed with the latter, iim condition to absorb muriatic acid, 
sulphurous acid, sulphuretted hydrogen, and carbonic acid, 
independently of any absorption that might take place by 
the sea-water itself. Free nitrogen would only be sparing- 
ly absorbed, but if it be united with hydrogen in the form 
of ammoniacal gas, it would speedily be so. In deep wa- 
ters there would necessarily be great pressure, and this 
alone would tend to force the gaseous products into the 
water. Indeed, as far as regards mere pressure, sulphu- 
rous acid gas would be liquid beneath 68 feet, and sulphu- 
retted hydrogen beneath 578 feet of water, at the respective 
temperatures of 45 and 50°; temperatures common in deep 
waters, and to which we may conceive those around an* 
active volcanic vent would be reduced at no considerable 
distance from it. It is almost useless to notite the effect 
of pressure by water on such substances as muriatic acid 
gas, or ammoniacal gas, supposing the latter to be formed, 
for they would rapidly disappear by absorption in it ; but 
they would both become liquid beneath depths by no mean* 
considerable, the former at 1360 feet, the latter at only 221 
feet. 

Viewing the subject solely with regard to pressure, there 
would be more difficulty with carbonic acid, for it requir- 
ed a temperature of 32** and a pressure equal to 36 atmos- 
pheres to render it liquid in Mr. Faraday^s experiments. 
The pressure would be readily obtained beneath a moder- 
ate depth of sea, but such low temperatures would only be 
found under certain conditions in polar latitudes. Consid- 
ering, however, that great additional pressure would pro- 
duce the same effect in forcing the particles of carbonic 
acid together as the lesser pressure and greater cold above • 
noticed, we may infer that beneath 500 or 600 fathoms of 
water this gaseous substance would be liquefied. Now 
this is no extraordinary depth ; on the contrary, it must be 
very common over a considerable portion of thetirea occu- 
pied by sea. Even in the Mediterranean deeper water is 
not rare. M..Berard found no bottom with a line of 1200 
fathoms in situations between the Balearic Isles and Al- 
giers, when sounding for the purpose of ascertaining the 
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temperature at different depths. As nitrogen has never 
yet been liquefied by experiment, we do not know that it 
would become so beneath the water of any pan of the 
ocean ; but though it may not become liquid beneath such 
pressure, it would, being elastic in its gaseous condition, 
be rendered so dense as to be subject to those effects which 
have been attributed to atmospheric air under similar cir- 
cumstances. 

The evolution of vapors and gases, and the causes which 
may have produced them, are however, not the only objects 
of interest in this inquiry. The probable production of 
the solid and liquid matter ejected is also highly important. 
Streams of lava are rarely if ever produced, except at those 
periods of intense volcanic action termed eruptions, and it 
is very generally considered that these masses of liquid 
rock are derived from considerable depths beneath the sur- 
face of the earth. Prior to great eruptions, the volcanic 
vent is generally clogged, as it were, by solid lava and 
fallen rubbish, so that there is both solidity and weight op- 
posed to the free passage upwards of gases, vapors, or liquid 
melted^ rock. We can scarcely consider the crack, or vent, 
to be void of liquid or solid matter from the orifice which 
is so choked up to the depths whence we suppose the lava, 
vapors and gases to be originally derived. We should 
rather infer that the pipe or crack was filled with lava in- 
termingled with vapors or gases, which may, or may not 
be able to pierce through the matter accumulated in the 
crater. 

That lava retains its heat for considerable periods of time 
we have abundant evidence, even when it is ejected from 
the crater or sides, and can tlius radiate its heat freely into 
the atmosphere.* If it can retain its elevated temperature 
when thus exposed, wh^t length of time may we not allow 
for its doing so within the pipe of the volcano itself, sur- 

• Mr. Poulett Scrope observed a current of lava, flowing at the 
rate of a yard a day, on the flanks of ^tna, in 1819, after it had 
been ejected nine months. (Considerations on Volcanos, p. 101). 
Dolomiea and Ferrara notice other currents of lava, also ejected 
by .^tna, as in movement ten years after they were thrown out. 
oir William Hamilton lighted small pieces of wood in the fissares 
of a current of Vesuvian lava four years after it had been ejected. 
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rounded on all sides by matter greatly heated, and like it- 
self, an exceedingly bad conductor of heat. Even in those 
cases when centuries elapse between the great eruptions of 
any given volcano, the lava is probably liquid beneath no 
very considerable depth. The particles of the higher 
portions may be, and probably are, so firmly united, even 
when red hot, as to require very great force for their sep- 
aration, and this perhaps may be one of the reasons why 
explosions in the earlier stages of an eruption are so vio- 
lent, powerful resistances being suddenly overcome not 
only by the strong pressure of the liquid lava beneath, but 
also by elastic vapors struggling to free themselves. 

If the cone or elevated portion of a volcano bears, as is 
commonly supposed, but a small proportion, in height, to 
the depth whence the lava is derived, the column of liquid 
rock would in all cases be considerable, though its height 
would vary materially in different volcanos, depending on 
the elevating power beneath. Now if the crust of the 
globe were of the same general thickness throughout, and 
the interior of the eart^ fluid, any cause acting uniformly 
in the latter, so that it should endeavor to pierce thejormer 
through fissures, would, all other circumstances being 
equal, maintain columns of similar fluid matter at equal 
altitudes ; so that we should expect volcanos to be of near- 
ly equal altitudes on the surface of the earth, if they were 
produced solely by the endeavors of an interior incandes- 
cent fluid to escape outwards through fissures or cracks 
, on the surface above. Such a state of things supposes ex- 
pansive power in the interior mass, and consequently a 
cause by which its volume is increased. This cause could 
not be radiation of heat from the earth, which would tend 
to produce the contrary effect ; it must be something caus- 
ing a comparatively wide separation of the particles of mat- 
ter in at least the external portion of the fluid interior 
mass. * 

If the solid surface split while cooling into numerous 
fragments, such fragments might be supposed to sink or 
awim in the liquid matter beneath, according to it's relative 
specific gravity. Taking the mean density of the earth's 
mineral crust at 2*6, fragments of this specific gravity 
would sink in felspathic or trachytic lava and float in bas- 
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altic matter. Considering", however, that lavas, whether 
trachytic or basaltic, would be rendered so much lighter 
by heat, (as they must always be to a certain extent,) that 
masses of coal matter of the density of 2-3 would sink in 
them, these masses would all tend to come together from 
the action of gravity; and as this force must always exists 
one does not see that the fragments could be separated at 
all, unless an expansive force acting from beneath compels 
them to do so ; for they would be squeezed together. 

An expansive force of this kind, acting generally be- 
neath the crust of the earth, the latter, broken and fractur- 
ed as it is, could scarcely be expected to resist the power 
exerted upon it in every direction. It must, we should 
conceive, give way before so general an application of 
ftrce, tiquid matter being introduced among the fissures in 
all directions, and the solid superficial portions separated 
to enable it to do so; the result being a state of compara- 
tive rest, produced by the expansion having attained its 
limits. This theory seems directly opposed to that which 
considers the present condition of the world to arise from 
the radiation of heat, and a consequent diminution in the 
volume of the earth ; for according to it the volume would 
be increased, producing all the consequences of. such in- 
crease. And should we suppose similar effects to recur at 
intervals, the volume of the earth would become gradually 
larger. Perhaps it may be considered that the percolation 
of water to the metallic bases of the earths and alkalies, 
situated generally beneath the oxidized crust, would cause 
expansions both from the heat evolved and the combination 
of the metals with oxygen ; the unequal checks offered to 
the passage of the water producing effects more resem- 
bling those we witness. Radiation of the heat so caused 
would certainly produce contraction, and thus we might 
obtain a plausible account of some of those alternate rises 
and depressions of continents and islands, which geology 
teaches us to have taken place on the surface of our planet ; 
for while intense heat was produced by the combination of 
the oxygen of one charge of water with the metallic base, 
no more water could approach the lower body from above, 
until the heat was sufficiently radiated or conducted away, 
^nd therefore there would be no gradual and continued 
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etpaoaion unchecked by contraction. It would also* senre 
to explain the unequal rise and depression of masses of 
land. . It would still, however, give us an increase of solid 
matter at the expense of the atmosphere, in the manner 
previously noticed (p. 133), continuing to rob it of its oxy- 
gen to an enormous amount. It is apparently a great ob- 
jection to this view tbat we should scarely obtain the great 
inequalities we now -observe on the surface of the earth. 
We have already stated the difficulty of accounting for 
mountain ranges and remarkable lines of elevated strata 
by these means ; there is also a difficulty as to the bed of 
the ocean ; for water, aii other things being the same,should 
percolate easier to the metallic bases beneath deep seas, 
even supposing the oxidized crust to be there of equal 
thickness, than through continents and islands. 

Should this cause produce the elevation of great masses 
of land, we should exfKict the latter to exhibit the marks of 
volcanic action at the same time ; that is, we should expect 
the hydrogen evolved to escape through fissures, accompa- 
nied by fused rock and various gases and vapors. Such 
an hypothesis might plausibly explain the elevations of 
parts of Italy, but appears inadequate to account for the re- 
markable rise of land, within historical times, noticed in 
Norway and Sweden,* it being unaccompanied by the 
evolution or ejection of gases or other substances, which 
might lead us to believe that decomposition of water be- 
neath, from the causes above noticed, produced heat, and 
that heat the aecessary expansion. 

That changes in the relative positions and levels of sea 
and land have taken place on the surface of our planet, 
all our continents, and the greater part of our islands, 
bear abundant evidence. By far the larger portion of dry 
land must have been formed beneath the waters of the 
ocean ; not only do abundant marine organic remains, but 
the structure of the rocks themselves, prove this : indeed 
the comparative area occupied by rocks which could have 

• This elevation is considered to be uneqaal, being estimated at 
the rate of 4 feet in a century mihe noribem part of the Gulf of 
Bothnia, thence diminishing towards the south, sathat is is only IJ 
feet in the same time on the coast of Kalm&r, and not observaJble 
;at the islands of (Eland and Goitland. 
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been formed at those levels above the ocean which they 
now occupy, is exceedingly small. They would necessa* 
rily consist of volcanic products, of deposits in lakes and 
masses of fresh water, which have disappeared and left 
them exposed, and a few incrustations formed by the evap- 
'Oration of water charged with foreign substances, such as 
carbonate of lime. The rocks which have been clearly 
produced beneath the sea, by chemical or mechanical de- 
posies from it, are stratified ; and when we compare these 
with the stratified rocks which may have been formed out 
of it, the difference in the volume of the two products is 
enormous. 

We have elsewhere observed that an exceedingly 
email and unequal expansion on the surface of the earth 
might produce great continents ;* and if the reader will 
turn back to fig. 21, he will perceive how readily this may 
be accomplished. The boundary line of the circle repre- 
sents a proportional depth of one hundrend miles. Now 
it will be evident that if any circumstance should cause an 
increased thickness of 1-50 in this depth so that the ex- 
terior be raised 1-50, we should have an elevation produc- 
ed to the height of two miles, sufficient to raise a great 
body of matter deposited beneath many parts of the sea 
above its level. This thickness, however great it may ap- 
pear to us, accustomed as we are to measure elevation even 
by fractions of our own mean height, is in fact so small, 
relatively to the diameter of the earth, that the unavoidable 
roughness in the printed line of the circle (fig. 21.), repre- 
sents inequalities of far greater amount. 

The unequal contraction of the crust of the globe, (really 
of very trifling importance compared with the yolume of 
the earth,) would net only appear to raise large areas, com- 
posing continents, bodily out of the water, by producing 
g-reat depressions, but would squeeze the principal surface 
fractures into mountain ranges. The general movement 
might be so slow that we should have difficulty in 
measuring it by our ideas of time, while here and there 
the pressures of the sades of the great fissures against one 
another would cause more sudden movements, the force 

* Sections and Views lillustrative of Geological Phaenomena, 
p. 71. 
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applied, however general its nature, overcoming the re- 
sistances opposed to it at unequal intervals : thus produc- 
ing those sudden dislocations which, measuring them by 
his own height, or more commonly some minor portion of 
it, man terms enormous. Taken by itself, this cause would 
act on too large a scale to produce volcanos : these seem 
rather the effect than the cause of great movements in 
the crust of the globe, the conditions for their existence 
being apparently produced by the effects resulting from a 
much more general and greater exertion of power. While, 
however, the more important effects may be attributed to 
the greater, smaller disrupting effects may be assigned to 
the minor cause^; and probably no small amount of the 
elevations, depressions and fractures observable on the sur- 
face of the earth may be due to the compound action of 
both ; not forgetting that the dislocations and movements 
of superincumbent rocks may be such as readily to permit 
the intrusion or injection of igneous matter of different 
kinds among them.* 

♦ To prevent misconception, it may be as well to state that the 
foregoing remarks were in type, precisely as they now stand, be- 
fore Mr. Babbage (as I had occasion to make known to that gen- 
tleman at the time of reading his paper before the Geological Socie- 
^tv,) communicated his very interesting views to me respecting the 
ele vation and depression of land from variations in the expansion 
and contraction of rocks; variation which depend on the different 
conditions under which the rocks have been placed beneath surfaces 
possessing different powers of radiating heat. The passage alluded 
to in the text, and to be found in the work quoted, is as follows : 
*• To one who looks at such a diagram, it will be obvious that slight 
and unequal contractions of the r^iass of the earth would produce 
changes we should consider important ; and it may occur to him thai 
mere thermometrical differences beneath the earth's crust might be 
sufficient to raise whole continents above the level of the, sea or 
plunge them beneath it." Still further to prevent misconception, 
It may be as well to state that I have every reason to believe Mr. 
Babbage never saw the passage until I pointed it out to him, after 
he communicated his views to me ; and that I do not pretend to 
have entertained opinions similar to his respecting the probable ef- 
fects of the causes he notices de/^re he stated them to me. 
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CHAPTER VIII. 

When we regard any good representation of the real 
physical features of a mountain-chain, such, for instance, 
as a correct map of the Alps, we are struck with the great 
resemblance which the principal valleys bear to fissures. 
There are commonly some valleys which hold the same 
course with that of the main range of mountains, while 
others run in directions nearly at right angles to it. These 
lines will often be found not strictly straight when examin- 
ed in detail ; but when viewed on the great scale, the ten- 
dency of the leading valleys to take longitudinal or trans- 
verse directions is very remarkable ; so much so, that phys- 
ical geographers have employed the terms * longitudinal* 
and * transverse valleys ' without reference to their origin. 
When we attentively study the cause of these phaenomena, 
we are generally able to detect lines of dislocation or vio- 
lent contortion coinciding with those of the valleys. Thrf 
lines of the principal valleys are therefore in such cases 
the lines of principal fracture ; in fact they are precisely 
such as we should expect to find resulting from those 
causes of mountain-chains which have been previously no- 
ticed. 

The great fractures generally run, s» might be expected, 
in the lines of longitudinal valleys ; that is, the fissures 
productive of the greatest amount of vertical movement, 
throwing the planes of once continuous strata either up or 
down, as the case may be, are in such directions. The 
transverse valleys, unless the mountain-chain has been 
traversed by systems of cross fractures of various geologi- 
cal epochs, are not in general so remarkable for vertical 
as' for horizontal movements. The beds on either side 
more closely correspond, and there is more resemblance to 
a secondary fissure; that is, a fissure produced by the rend- 
ing of the masses split longitudinallv. 
10 
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When we attempt in imagination to replace the dislocat* 
ed rocks composing mountain-chains, so that the edges of 
the disrupted strata shall be brought into contact and aigain 
form continuous planes, we are soon sensible that a large 
amount of matter has been removed, and that we could not 
reproduce one great continuous mass of the rocks compos- 
ing the mountain range. 

Fig. 28. 




Let a (fig. 28.) represent a mountain valley, in which a 
fault, or dislocation, /, runs along the bottom, and that ia 
consequence of this dislocation a well-known bed of rock 
h occurs at difierent levels on either side. It is clear that 
if we attempt to bring the bed h on the one side into a line 
>#ith h on the other, either by lifting up one mass, or let- 
ting down the other, there would be no continuity of the 
general mass of beds ; a great portion of mattex would evi- 
t^ently^be wanting. 

Fig. 29. 




Thetmnexed <liagram {^%. 29.) represents the bed ^ 
placed in the same plane in which it -existed prior to the 
fracture, and the space a will convey an idea of the amount 
of matter removed not only beneath the plane of h h^ but 
aIso abovje iL If, instead of asfractuw prodticing the aud- 
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den rise or fall of great masses of rock on either side, we 
consider the opening caused by « great bend of stratified 
matter, fracturing and separating the upper parts from each 
other, (a fact often observaWe in rnountain-chains,) we still 
find matter removed when we attempt in imagination to re- 
place the bend and reduce the stratified mass to horizontals 
ty, as will readily be seen by reducing the line b c repre- 
senting marked beds (fig. 28.), driven upwards by the bend 
c on either side of the valley d^ to horizontality. 

Now if we form an approximative estimate of the cubic 
contents of the matter contained in a mountain-chain, such, 
for instance, as that of the Alps, above any given level, and 
roughly calculate the amount of matter* that might be con- 
tained in the mass, if it were merely broken to pieces, the 
dislocated parts fitted to one another, and forming as once 
a continuous whole, we find the portion carried away or 
missing very considerable. Such a calculation is necessa- 
rily very rough from the nature of its elements; the 
amount of contortion is more particularly embarrassing; 
yet sufficient may be accomplished to show satisfactorily 
that there has been a very large amount of matter re- 
moved. 

Moving water is the only agent known to us capable of 
•carrying away this great collective mass of rock. In <ir- 
der, therefore, to form a just conception of the time and con- 
ditions required to produce the effects observed, we should 
carefully examine the latter, and estimate the transporting 
powers of those running waters which now exist among 
the mountains themselves, and which transport detrital mat- 
ter from the central parts outwards. 

Beneath the envelopes of snow, cemraonly termed per- 
petual, because a given amount of them never becomes li- 
quefied under the ordinary circumstances in which they 
are placed, the surface of solid rock is greatly protected, 
if not from decomposition, at least from removal, except 
when an avalanche may cut deeper than usual, or a miws 
of the rock supporting the snows fall intothe valley below. 
So long as ordinary circumstances continue, the (Jome of 
Mont Blanc will be covered by snows, which beg^n to ac- 
ci^n^ulate ihere after the mean temperature of the climate 
aod the altitude of the m^ijintain Mn&re thorsam^ ^ at prer 
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sent. Such snows would protect the supporting rock from 
removal if they had not a tendency to descend in the shape 
of glaciers, and thus, by friction on many points of the 
surface beneath, force portions of such surface to a lower 
level. Viewing the subject in this light, we can scarcely 
consider any considerable area of rock beneath perpetu- 
^ snow to be absolutely free from degradation, though 
such conditions would be generally unfavorable, and the 
amount of detritus so produced be relatively unimpor- 
tant. 

Lofty peaks, or aiguilles, .on which snow cannot rest, 
merely insinuating itself among the vertical or highly in- 
clined crevices, and a zone comprised between the line 
of a constant snowy covering, and that, at a lower level, 
where the rapid alternations of frost and thaw terminate, 
are the parts of a high mountainoiis region generally most 
productive of large detached fragments, all other circum- 
stances being equal. If the sides of a mountain be pre- 
cipitous and exposed to the latter condition, the collective 
amount of fallen matter will be found very considerable at 
those points where it has, at least for the time, been brought 
to rest. During those seasons of the year when the melt- 
ed snows above cause a descent of water to lower levels, 
as well over the general surface as among the various 
drainage channels, the water, insinuating itself into the 
interstices of the surface rock during the day, is frequently 
frozen at night. Water, entering into its solid state, ex- 
pands, as is well known ; therefore all those portions of 
rock which thus become heaved out of their original places 
by the formation of ice during the night, will if their cen- 
tres of gravity permit, fall when the heat of the succeed- 
ing day liquefies the ice. Should the centres of gravity of 
the rock-fragments be so situated as not to produce an im- 
mediate fall, the repetition of the above effects would tend 
not only to loosen but also to force them into positions 
wjjere, if they do not fall by their own weight, they may 
do so by the action of powerful winds, by a blow from k 
fragment detached from above, or by the loss of part of the 
support beneath. 

Where the temperature and other circumstances permit 
the growth of plants, the fall of rocks, from the cause no- 
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ticed above, is checked. The roots, it is true, act moiSt 
powerfully in dividing fragments from one another, but 
at the same time they bind masses of them together, not 
readily removed except under extraordinary circumstances, 
such as violent storms and the like. The less the slopes 
are inclined, the greater is the stability of the vegetation 
upon them ; and, consequently, the greater the protection 
afforded to the rocks beneath from this cause, the less the 
amount of rock removed to lower levels. Broken bare 
rocks, situated between the lines of perpetual snow and 
of a fair protecting amount of vegetation, other things be- 
ing equal, will be the exposed area among lofty mountains 
where we should expect to find the greatest amount of 
degradation. The size of the masses detached will neces- 
sarily depend upon the'precipitous character of the moun- 
tains, the relative elevations of the peaks and cliffs, the 
nature of the rock of which they are composed, and the 
kind of climate in which the particular mountains are sit- 
uated. 

Atmospheric causes tend, therefore, constantly to destroy 
and throw down to lower levels such parts of rock-masses 
as are by any means thrust up sufficiently high into the 
air,- more particularly when there is a zone in which there 
may be almost diurnal changes from frost to thaw. In 
point of fact, all parts of a mountain range have a' tenden- 
cy to be degraded more or less by the action of atmospher- 
ic causes upon them : and even the portions protected by 
vegetation may be eventually undermined, so that the frag- 
ments of rock bound together by the roots of trees are mov- 
ed in a mass, should the trees be uprooted and washed on- 
wards by descending waters* It should also be recollect- 
ed that in mountainous regions the slopes, even those sup- 
porting vegetation, are for the most part highly inclined, 
so that mineral and vegetable matter, finely divided, is read- 
ily moved downwards mechanically suspended in myriads 
of little threads of water, which pass almost impercepti- 
bly among the vegetation itself 

We have hitherto merely noticed the mechanical' action 
of atmospheric causes ; the chemical changes are, however, 
no less important. We have seen (p. 87.) that by the per- 
colation of water numerous rocks are continually suffering 
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an alteration in their component parts. Many of theaa 
changes produce ready disintegration, so that substances, 
apparently ofgreat toughness and durability, give way be- 
fore moving water, which otherwise would long resist its 
mechanical action. The quantity of oxygen contained in 
the air, which rain-waters have absorbed from the atmos- 
phere in their fall, will greatly assist in forming chemical 
combinations with certain constituent portions of rocka, 
which thus become more readily decomposed than would 
otherwise happen, as has been remarked by Dr. Boase.* 
The carbonic acid, also, absorbed by rain-water from the 
atmosphere must likewise assist in the decnmposition of 
many rocks ; and as snow-water appears richer in oxygen, 
thus derived, than common rain-water.t we should expect 
all such decomposing effects as can be produced by oxy- 
gen so circumstanced to be greatest in rocks where snow- 
water percolates, and consequently in those elevated por- 
tions of mountain ranges which become saturated with 
melted snow. 

We thus see, that if a mass of fractured rocks be thrust 
up into the atmosphere, they will immediately be acted on 
by the latter : and such causes of destruction as wo now 
witness would, if time be allowed, be sufficient to crumble 
the exposed portions into fragments of various sizes, remova- 
ble either by gravity, moving water, or the union of both 
causes, tolower levels. The more suddien the relative eleva- 
tion of the mountain range, the greater the collective area 
of the fresh fractured parts exposed to the effects of the same 
atmosphere ; assuming that the mass has not been raised 
upwards bodily without cracks and fissures, but that dis- 
rupting forces have acted on it in various directions. In 
such a state of things, and before vegetation could in any 
way protect the newly broken parts, the degradation from 
meteoric influencesy as they have been termed, would be 
considerable, the broken masses and smaller fragments 
would be lodged wherever slopes or levels were favorable, 
and, consequently, the greater amount would be eventually 

« Contributions towards the Geology of Cornwall. 

f MM. Gay-Lussac and Humboldt found 34." per cent of oxygea' 
in the air contained in snow, and 32 per cent, of the same substance 
in that discovered in rain-water. 
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carried to the bottom of tfae open part of the dislocations, 
and constitute the bottoms of valleys. 

That a system of cracks or fissures, produced in the 
manner above noticed, could afford so complete a drainage 
that bodies of accumulated still water should not exist in 
the various channels, can scarcely be supposed. Lakes of 
greater or less magnitude must be formed in numerous* 
valleys, and their bottoms be the receptacles of the detrital 
rubbish swept into them by the waters on their onward 
course to lower levels. Such lakes, either by cutting 
through their barriers, or from being slowly filled 
by transported detritus, would gradually disappear. In 
the first case we should trace the evidences- of their for- 
mer existence by ■ various marks on the sides of the 
mountain valley, or by detrital matter cut through ; in 
the second we should have a plain from whichthe moun- 
tains rose suddenly on either side, the river passing 
hrough it. There would probably also be another cause 
of their disappearance, productive of effects having con- 
siderable influence on the condition of lands at lower 
levels. A sudden removal of a lake's lower barrier by 
disrupting forces acting in the line of the valley (precise* 
ly the line we should expect to be acted on by subter- 
ranean forces, being that of least resistance,) would not 
only cause the lake to disappear, but would also throw a 
body of water violently upon the lower levels. The ef^ 
fects produced would necessarily depend on the volume 
and velocity of the discharged water : both w^ould of course 
vary according to circumstances ; but we should antici- 
pate that, under these assumed conditions, they would be 
sufficient to cause considerable changes, tending to force 
forwards the contents of lower lakes wholly filled up, 
conveying a great body of detrital matter to the lower lev- 
els, and transporting blocks which could not be moved 
by the power of the rivers, even during times of fiood. 
» 
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If a, b, c, (fig. 30.,) represent lakes produced by the in- 
equalities in the bottom of a mountain valley, it is clear 
that they may be all contemporaneously (geologically speak- 
ing) filled bv detrital matter, mixed^with exuviee of the ter- 
restrial and nresh-water creatures inhabiting the neighbor- 
ing country or the lakes themselves at the same. epoch- 
Unless, however, there be, as not unfrequently happens, 
abundant detrital matter carried laterally into the lakes 
from the heights on either side, the higher lakes would 
have a tendency to be sooner filled than those at lower lev- 
els, being the first to receive the transported ma\ter brought 
down the valley. 

The effects which we have thus supposed would be pro- 
duced by such an action on great masses of rock, that 
they are fractured and thrust into the atmosphere, consti- 
tuting ranges of mountains, bear so close a resemblance to 
many facts we observe in the Alps and other considerable 
ranges, that we are irresistibly led to consider them the 
result of somewhat analogous causes. Hence a great bo- 
dy of matter might be detached from mountains, more par- 
ticularly when fractures were fresh, and transported out- 
wards by a long-continued action of those causes now con- 
stantly in operation on the surface of the globe, and more 
particularly observable in high mountain ranges. Wheth- 
er the total amount of solid matter necessary to replace 
that which has been removed, could by such means be 
carried outwards from the mountains, is a separate ques- 
tion. # 

We have hitherto considered this subject solely with 
reference to the protrusion of a mountain mass into the 
atmosphere. If a range of mountains were to be now 
formed, the chances, considering the great relative propor- 
tion of superficial water to land on the* earth's sur&ce, 
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would be against its pfotrusion, at least in the first instance 
into the atmosphere. Now if a long line of longitudinal 
fractures, accompanied by transverse dislocations, be pro- 
duced beneath the waters of the ocean, such waters would 
necessarily be agitated with more or less violence in pro- 
portion to the sudden elevation, volume and height of the 
upheaved and dislocated mass. All loose fragments would 
be washed to the lower levels, the bottoms of the valleys 
would be filled with detrital rubbish, and much might be 
transported to the lower levels on either side of the sub- 
aqueous mountain range. The denser the water, and 
the more impregnated with matter mechanically suspend- 
. ed in it, the easier would the larger fragments be carried 
by resulting currents, the differences of specific gravities 
being less. There would be great inequalities of surface; 
but, if depths be sufficient, the mechanically suspended 
matter would gradually settle, the finer portions upper- 
most. 

If a range of mountains thus produced be brought grad- 
ually, or by successive movements of elevation into the at- 
mosphere, we should first have the destructive action of 
superficial tides, currents, and waves upon it, and no small 
amount of matter would thus be removed, particularly the 
unconsolidated portions. If brought more suddenly into 
the atmosphere, the destructive effects would be greater ; 
but in both cases, should the range once constitute a moun- 
tain mass rising above the sea, meteoric influences would 
commence, and be followed by the necessary consequences. 
Inequalities in the great valleys ^uld produce lakes, de* 
trital matter would be carried into them, the sides of the 
mountains would suffer degradation, and altogether, after 
a sufficient lapse of time, the effects produced would so 
closely resemble those previously noticed, that there would 
be great difficulty in deciding whether the original dislo- 
cations were sub-aerial or sub-aqueous. Should, however, 
rocks have been deposited in the latter case, accompanied 
by marine remains, decidedly in the great lines of valley, 
there would be little doubt that such parts at least once 
constituted a portion of a sub-aqueous mountain range, and 
continued in that state sufficiently long to permit the quiet 
deposit of rocks upon it. 
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We therefore see that, whether monntains be prDdac6<F 
in the sea or on dry land, much soHd matter must be borne 
. away from them ; but probably the greatest amount of de- 
tritus would be suddenly carried off by such a rciatire 
change in the levels of !ai¥d and \yaterj and -the great dis- 
locations should be |^rtly sub-aariar, partly sub-aqueous ; 
80 that heavy destructive waves, of a- magnitude propor- 
tionate to the disturbing force, should rush up the newly 
formed fissures, and sweep out a mass- of fragments. In 
all cases, howeyer, the running waters' necessary to pro- 
duce the numerous effects we observe in' mountain -chains 
must have been due to atmospheric causes; the erosion be- 
ing of that kind which marks the long continued action of 
narrow streams of water moving with considerable veloci- 
ty, and the transported matter, found amon-g the mountains 
themselves, being arranged in the manner in which it 
would be if deposited by such streams. If might hence 
be inferred that we have a measure of the time during 
which any given mountain range has constituted dry land, 
estimating the length of time by the amount* of detritus 
«cccumulated in any given position. A littfe considera- 
tion will, however, readily show us that the rgsults are 
much too complicated to bear us 9Ut in other conclusions 
than that a large amount of detritus, accumulated by the 
<:omparatively slow action of mountain rivers, ha» required 
a long time for its production, without enabling us to esti- 
mate the amount of that time otherwise than very gieneral- 
ly. The facility with which detritus could be produced 
in one situation would fcause an accumulation of it, by a 
given force of water, to be far larger than another accumu- 
lation formed by deposition from an equal force of water, 
in equal limes, where the production of detritus was fat 
more difficult. 

There being facts observable in many mountain-chains,, 
and down great lines of valley, which would seem to re- 
quire the force of a sudden rush of water, having consid-- 
erable volume, for their explanation, recourse has often^ 
been had by those anxious to explain all geological phe- 
nomena by such intensities of force, and other circumst.aa- 
ces, as we daily witness, to what has been called the ** burst- 
ing of lakes.'' The idea seems to be that there is some 
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rety poirerfoi force inherent in the body of tie Fate itself, 
capable of driving out the solid barriers composing its 
sides. If it bad been recollected that almost all lakes 

Fig. 31. 



when viewed on the large scale, are mere shallow basins of 
water, the sides of which rise ^t small angles, not unfre- 

?uently less than that represented in the annexed diagrakn 
Fig. 31.), it would readily be seen that the pressure of the 
contained vvater would be so small relatively to the resis* 
tance of the sides, that no fracture co«ld possibly be pro- 
duced by it. If, instead of the sides Being, as represented 
above (Ffg. 31.), nearly horizontal, as is so commonly the 
case in nature when we make a section through the dis- 
charging outlet, we suppose them vertical, as at a cj and 
be, so that the lake be supported' by the solid body a d c e b^ 
we still find that the sides woultl be capable of resisting 
the pressure of the water against them, if the whole basia 
of rock be, as is commonly tiie case, sufficf;?ntry solid. 

When we make proportional sections of all the great 
lakes known to us, we find that it would be impossible for 
the waters contained in them to break their barriers by 
any pressure they could escert on them. It could only be 
under very extraordinary circumstances^ that the rocky 
barriers of a lake could be forced outwards, as we have 
bad occasion to notice elsewhere.* If common calcula- 
tions had been matle relatively to the amount of pressure, 
which the waters of lakes could exert on their natural bar- 
riers, we should probably have heard fess of the * bursting 
of lakes' by sucfe' means. The sudden discharge of accu- 
mulations of watery caused by the fall* of ice across a val- 
ley, as happened in the Val de Bagnes, seems, from want 
of attention, to have led to erroneous impressions respect- 

• Geological Manual, p. 631 
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ing the power of water to drive its barriers before it. From 
the lake so produced, 530,00.0,000 cubic feet of water 
were discharged down a narrow mouDtain valley in about 
half an hour, and must of necessity, under such circum- 
stances, have carried huge masses of rock before it. It 
rushed from the glaciier with a velocity, according to M. 
Escher de la Linth, of 33 feet per second, so that when 
we take both the volume of water and its velocity into ac- 
count, we have a transporting force of very great power ; 
but in what *manner such an event can illustrate, as it has 
been thought to do, the power of water to burst a rocky 
barrier, it is difficult to conceive. Lakes caused by the fall 
of masses of rocks from mountains across valleys may, to 
a great extent, be suddenly discharged, if the resistance of 
the dam thus produced be unequal to the pressure ; the 
same efTects would be produced if detritus, discharged 
from a lateral valley, should dam up themain river, and the 
bar be unequal to the force exerted upon it ; but these cases 
are very different from the sudden discharges of such 
lakes as those of North America* or even those on each 
side of the Alps. 

Although the conditions for the sudden discharge of 
lakes by the power of the contained water to force a pas- 
sage through their lower barriers must be exceedingly rare» 
and the consequent sudden discharges themselves be equal- 
ly so, lakes may be readily drained in a short time, as pre- 
viously noticed, by fractures of their sides, caused.by earth- 
quakes or more intense exertions of similar forces. When 
we attentively examine mountain-chains, we find,themat least 
all those as yet properly examined are found, to bear marlcs 
of more than one action of elevating forces upon them, 
raising them to the relative heights they at present occupy. 
We judge of the geological periods when such forces have 
acted by the kind of rocks quietly covering the disrupted 
edges of previously existing strata. Both rocks, or their 
equivalents in the geological series, being known, we are 
certain that the particular elevation took place aAer the 
consolidation of the inferior rock, and prior to the forma- 
tion pf the strata reposing on its broken and upturned 
edges; and we, moreover, have evidence that after the 
older rocks were upset, they remained in that state suffi- 
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oieotly long to permit the deposit of the strata reBting on 
them. 

Now finding strata resting on the disrupted edges of 
other beds on the flanks of a mountain-chain, only shows 
that some force upset the one before the formation of the 
other, and not that the first constituted a mountain rajige 
before the newer rock was deposited. Nothing is more 
common than to find two rocks in discordant stratification, 
as it has been termed, still constituting comparatively level 
tracts of country. If such a district be suddenly thrown 
up<into a mountain range, inferior matter being introduced 
in the line of the main longitudinal fracture, or the edges 
of the same fracture merely squeezed upwards against one 
another, we should err in i)ur inference if we considered 
such elevation to have been produced at two periods instead 
of one, merely because we found rocks in discordant strat- 
ification on the flanks. There ought to be clear evidence 
in the interior of the mountain range itself 

Fig. 32. 




Let a (fig. 32.) represent a bed of rock resting uncon- 
formably on previously upturned strata b, the whole con- 
stituting the base of a comparatively level tract of coun- 
try : and a, b (fig. 36.) be the same rocks tilted up by the 
protrusion of a rock c ; we should have papearances that 
Daight be considered the result of two elevating forces on 
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the same system of moantains. They would in t hie ciwe 
be the consequences of two disrupting forces, though only 
the last has produced the •mountain range; but if the in* 
.clined strata {b) had been produced in any manner resemb- 
ling that previously noticed (p. 64.), there would only -have 
been one really disrupting and elevating forK:e. 

If mountains be, however, eubjecied to more than one 
.movement of elevation, no matter how caused, a«d th« 
disrupting force sufficiently intense, the separation ©f parts 
being easiest in the great lines of valley, any system of 
lakes formed at one period might be suddenly let out at 
another, and the volume of water discharged outwards 
carry with it a considerable amount of detritus, distrib- 
uting it into a sea, or over dry land, as the case might 
be. 

When we regard those immense masses ef conglomer^ 
ate so common along the flanks and skirts of mountain- 
chains, be their relative age what it may, wefind them com- 
posed of fragments, either rolled or angular, derived from 
the rocks constitutingthe mountains themselves. Accord- 
ing to the continuity and length of particular beds, should 
we feel inclined to judge of the character of the causes ta 
which they are due. When continuous far considerabW 
distances with common characters, we infer a more gener- 
al force thau when we see them interrupted at short and . 
irregular intervals. The more distant a conglomerate bed 
may be from the mountains whence its materials haveb«en 
derived, being at the^ame time similar to others nearer the 
range, the greater we should consider the intensity of fwce 
necessary .to transport its component parts, all other things 
being equal. When sandstones and conglomerates alter- 
nate, wje infer inequalities in thejpower of transport^ and 
consequently that the cause of the power act irregularly. 
The volume, figure and specific 'gravities of the fragments 
would afford us some measure of the relative transporting 
powers if we were certainihat the bottom over which the 
whole was borne, prior to deposition was generally similar. 
Great irregularities in the volume and figure of detrital 
matter would necessarily be found "in deposits at the 
mouths of torrents ; and ^er a time, when levels of feir 
•extent were produced, there would he a difficulty iB trans* 
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porting^ pebbles of large size ?outvvards. Hence if we 
.found continuous beds of conglomerate ranging in straight 
lines at moderate distances from mountains^ whence these 
•materials have been derived, we may infer either that some 
force, more general than that possessed by the rivers de- 
scending from the chain, has produced them,, or that the 
detrital fragments having been borne outwards by rivers 
from the mountains, some general force distributed them 
in a more regular manner than could be accomplished by 
the rivers themselves. 

If detrital matter be brought down by numerous rivers 
from a mountain range into a sea, there would undoubtedly 
be an endeavor on the part of the waves of such a sea to 
distribute pebbles, even of large size, along shore, thus 
producing lines of pebbles parallel to the shore. And we 
might consider that if the supply of pebbles bfe abundant^ 
the distribution of them would add to those previously 
thrown on shore, thus obtaining beds of conglomerate. To 
obtain regular stratified beds of sandstone by this process 
on the large scale would appear to be difficult, thaugh in- 
terstratifications of sands and pebbles may sometimes be 
seen in the sections of beaches. 

When we regard the various causes wiiich may produce 
a transport of detritus from mountain-chains outwards, it 
seems somewhat hasty to determine, a priori, that only one 
cause has to any extent ever been in operation. We ought 
•rather carefully to study the various circumstances con- 
nected with deposits, evidently derived from the mountains 
which they skirt, — ^in fact/ the efTecls produced,— and 
thence ascend to the probable causes of the facts observed, 
than to predetermine the causes without sufficiently exam- 
ining the effects. The latter is too frequently the course 
adopted, and is the necessary consequence of seeing only 
through one medium. We may possibly by such means, 
and amid a thousand hypotheses, occasionally hit the 
truth, !but it can only be rarely, and most frequently by 
Accident 
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CHAPTER IX. 

Dislocations of rocks, or faults, constituting lines of 
valleys are by no means confined to mountain-chains, 
though more strikingly obvious in them than elsewhere : 
they are also sufficiently abundant in those districts commonly- 
termed hilly, in which a line representing a proportional 
section of the surface is undulating, not irregularly angu- 
lar as across a mountain-chain. The amount of disloca- 
tion of necessity varies materially, whether produced by 
distance from the principal point of disturbance, or by dif- 
ferences in the intensity of the force which has caused the 
faults. The dislocations are sometimes on so large a scale, 
that it is impossible to overlook them, while at others they 
are either so small or concealed by vegetation and detritus, 
that \t requires much care and observation to ascertain 
their existence. The most favorable conditions for obser- 
vation are where the rocks are either horizontal or inclined 
at small angles ; the country well traversed by rivers, or 
cdt by a coast line; and< tne rocks of such marked char- 
acters, that any change in the position that they would oc- 
cupy, if uhbrokjen, is readily ascertained. 

In many hilly districts, a more modern rock overlaps 
others of greater antiquity than itself, and the valleys cut- 
ting through the upper into the lower strata, thus expos- 
ing, the latter, seem merely, to the unpractised observer, 
the results of a scooping action of water, capable of re- 
moving solid matter to a sufficient depth. The whole has 
often the appearance of an undisturbed mass of a more 
modern deposit resting horizontally, or nearly so, on infe- 
rior strata, the latter being brought to light by denuding 
forces, acting in particular lines. The Black Down Hills, 
on the confines of Devon and Somerset, are highly illus- 
trative of such deceptive appearances. When rapidly 
viewed, they seem to be composed of horizontal, or nearly 
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iiorizontal, beds of green-sand, which cover either inferior 
oolite, lias or red marl (for the two former frne off beneath 
the general green-sand area of these bills,) here and there 
supporting a few patches of chalk., The appearance of 
the inferior rocks seems merely due to the relative depths 
of the various valleys scooped out by the action of water. 
The section on the following page will, however, show 
that the rocks composing these hills have been fractured 
subsequently to their deposition, and that, as far 9» it 
extends, the valleys are lines of fault. These, though ir- 
regular in the small scale, have a general northerly direc- 
tion when viewed relatively to the district in which they 
occur. 

The annexed section (fig. 34.) is made along a line ex- 
tending from about S.W. to N.E., nearly at right angles to 
the greater part of the valleys comprised within 'it, and 
which happen to have such directions along this particular 
line. Of all those here exhibited, the Widworthy Valley 
shows the least dislocation, and it is only by a very careful 
estimate of the relative heights of the green-sand on either 
side, with allowances for its inclination on the opposite 
hills, that we can feel assured that there is any fault The 
rest require no explanation, except that at the fault in the 
Wambrook Valley, where the lias abuts against the green- 
sand, the former is bent and contorted near the line of dis* 
location, In a far more remarkable manner than can be 
shown by the scale here adopted. This section is propor- 
tional, that is, the perpendicular heights and horizontal 
distances are upon the same scale; and hence the reader 
may form an idea of the real outline of that which would 
be generally considered as a remarkably hilly country, 
one where the traveller would describe abrupt slopes, 
deep valleys and high hills, the summits of those here 
represented, varying from 500 to 600 feet above the level 
of the sea. 

That all faults are not necessarily lines of valley must 
be well known to every practical geologist ; indeed, in the 
section here given to illustrate the remarkable coincidence 
of the lines of several contiguous valleys with those of 
faults, it will be seen that there is no valley at the fiiult 
near Widworthy, v/here chalk abuts against green^saod. 
U 



Digitized 



by Google 



162 



CO 



a 
a 
»— I 

W 
o 

Q 

W 
O 



w 

O 
H 

<{• 

CLi 



O 



DO 
GQ 

§ 



I-! 



Hill 



^ 1*3 



fll **< 



-I* WA 



|HII 






^ 



\~^ 



Digitized 



by Google 



EXCAYATION OF LOWLAND tALLIilTS. 163 

If the sectional line had heen made to pass somewhat 
more to the southward, the green-sand would appear sud- 
denly to rise in a boss above the chalk. The Wambrook 
fault, also, in its course to the northward, runs across the 
summit of the high hill named Coombe Beacon, dividing 
it geologically into two masses, the western side being 
composed of green-sand, and the eastern of chalk, while 
the outline of the hill continues rounded and unbroken, as 
if no dislocating force had ever acted across the rocks of 
which it is formed. Coal-miners, to whom faults are fa- 
miliar, know full well that valleys do not always run in 
lines corresponding to them ; even those in which the 
heave is ascertained by the workings to be considerable^ 
often give no indications of their presence by depressions 
on the surface. 

In thus showing that cracks oY dislocations of strata 
frequently coincide with lines of valley, we merely intend 
to call attention to the numerous fractures upon which 
such lines, in undulating and hilly countries, keep those of 
faults, without by any means infering that valleys may 
not be frequently due to the erosive action of water on stra- 
ta which have not been dislocated, at least in those particu- 
lar lines. Let the movement of water which has cut out 
the solid matter of the earth's surface into valleys, and 
transported the resulting detritus to places where its deposit 
has, geologically speaking, produced new rocks, be the ef- 
fect of the greater or less intensity of any particular force, 
or due to any particular cause, pre-existing cracks and 
fissures, more especially if they were fresh; would offer 
'the lines of least resistance to to an aqueous abrading pow- 
er. Whether, therefore, valleys be due to the loog-con^ 
tinued action of running water, or to the cutting power of 
water moving with rapidity in greater masses, we should 
always expect to find, as we do find, a very great coinci- 
dence between the lines of fault and those of valleys. 

When we attentively regard really proportional sections 
•of hilly countries, those in which the lines of surface are 
represented with a fair approach to accuracy, we find the 
depressions and elevations are generally so trifling, com- 
pared with the horizontal distances, that when we construct 
JBL model faithfully aad propoxtonally representing the su> 
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face of a country which wotild be generally terrtned 
exceedingly hilly, such, for instance, as Devonshire, we 
can scarcely believe that we have not Undervalued the rel- 
ative heights, so small do they appear. Hence we are 
apt to consider such a model inaccurate, though construct- 
ed with every care and attention even by ourselves : so 
little does it seem to accord with our ideas of the elvationsf 
and depressions in the country itself. No doubt, if we at-* 
tentively considered the subject, and properly estimated 
the relative heights and distances, we should be ultimately 
convinced that the model in question was a real miniature 
representation of nature ; but all out previous ideas re- 
specting the particular district having been formed with 
reference to otir own height as a standard, and generally 
viewing the slopes of hills in such directions that they ap-« 
pear far miore steep than they really are, there is greater 
difficulty in properly estimating the proportional undula-* 
tions of a hilly country, than (hose who nave never seen a 
true model of one would easily credit. 

It has sometimes been supposed that existing marine 
currents at streams of tide are stifficietit to cut out similar 
valleys. When, however, we turn our attention to what 
is now gcring on in situations most favorable to the cutting 
powers of fides or currents, namely, around coasts, where^ 
their velocities would t>e greatest, we do not appear to dis-* 
cover any facts to warrant such a conclusion ; neither 
does it appeftr possible for the force of any existing marine 
current to produce the effects observed. The soundings 
around coasts present us with no lines which \ve might con- 
sider to be those of valleys, but with extensive areas, which 
would, if I'aised above the leVel of the sea, form great 
plains, with here and there some minor elevations and 
deeper depressions, the latter generally in the form of ba- 
sins. There are^ Indeed, some long trough-like cavities 
in the North Seas, named the Silver Pits, bdt they pre- 
sent us with nothing like a system of valleys resembling 
those on dry land.* If the British Islatids were elevated 

* I am indebted to Captain Hewett, R. N. whose beautiful charts 
of the North Sea, not yet published, so well exhibit the forms of 
these singular lines of pits or troughs, for information which leads 
hie to suspeei that the Silver Pits are cracks or fissares resembling^ 
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-one hundred fathoms above the level of the ocean, and thus 
joined to the continent of Europe, they would be surround- 
M by an extensive area of flat land ; for the fall from the 
roasts to the new sea-coast would be generally so gradua-! 
AS to present to the eye one great plain. 

The map forming the frontispiece will show the relative 
amount of area which would become dry land by this com- 
paratively small amount of change in the levels of sea and 
land. The unshaded parts constitute the present dry land, 
the lightly shaded portions the area which would be rais- 
ed from the bottom of the present sea into the atmosphere, 
and^the darker parts the portion that would still be covered 
by the waters of the ocean. The reader may jt/dge of the 
extent of this land, thus brought above the level of the sea, 
by comparing it vvith the ftnaexed square (fig. 35.) which 
represents 

Fig. 3^- 

D 

an area of 1000 square miles vpon the same scale. 
Throughout the whole of the former soundings, thus rais- 
ed above the sea, there would be no system of hills and 
valleys corresponding with those pn ihe previously dry 
land. There would be elevations and depressions corres- 
ponding with various sand-banks^ and some pits or hol- 

those terraeil valfej's of erevation. As a general fact, the bottom 
rises on either side to the edges of the pit, where it snddenly de- 
scends from the 4eptb of a few fathoms to 40 or 50 fathoms, the in- 
terior escarpments being verv steep. In one place there is a rise 
of land in the central part of the trough, so that a section of the 
Silver Pits in their deepest parts would give an outline exceeding- 
ly like those of valleys of elevation, so well 'known to geologists, 
and produced by an irpward break or. crack often on the top of a 
great bend of strata. There is a curious line of bank between the 
Silver Pits and other lines of bank, parallel to themselves and the 
first line, on the S. E. of them, the whole having much the appear- 
ance of being the result of some disrupting and elevating force act- 
ing in a line sonjewhat N. W. and S. E. 

The reader will not fail to observe, in the frontispiece the 
general S. W. and N. E. line on the western edge of the hundred- 
fathom line, coinciding with the general. range of the older ^trat^ 
ill many parts of oar islands. 
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lows ; but when we construct proportional sections of the 
general surface, even on a large scale, we find that these 
inequalities are generally trifling, with the exception of 
the Silver Pits above mentioned, though, from the necessa- 
ry notice taken of them in charts, we may attribute an im- 
portance to them which they do not possess. It may here 
be observed, that if, instead of taking the line bf one hun- 
dred fathoms, we had selected that of two hundred fathoms, 
the amount of area in that case added would be relatively 
inconsiderable, as the latter line is not far outside the for* 
mer. Thus, after keeping a surfece which would in gen- 
eral terms be called a great tract of plain, the area under 
consideration, bounded on the W. and N. W. by a line in- 
cluding the British Islands, and passing round them from 
the coast of France to that of Norway, would terminate 
seaward by a slope, sinking in a comparatively rapid man- 
ner into deep water. 

Now all this extensive area, within the line of one hun- 
dred fathoms, is placed under conditions highly favorable 
to the production of valleys by the erosive action of streams 
of tides and currents, if the latter could produce the effects 
required ; for the depth being inconsiderable, the bottom is 
more readily brought within their influence, without tak- 
ing into account the increased velocities of each produced 
by coasts or banks. The action of the waves would cer- 
tainly tettd to equalize disturbed matter, particularly at 
moderate depths, and would thus constitute an antagonist 
force to the erosive action of streams of tides or currents : 
but this only shows that the conditions are unfavorable to 
the production of valleys by such means. It will, we con- 
ceive, be readily admitted that the deeper the water the 
less the power of streams of tide or currents to act on the 
bottom; therefore we may fairly conclude that neither in 
deep nor shallow water could valleys be produced, resem- 
bling those observable in hilly countries, by streams of 
tides or currents possessing no greater velocity than those 
known to us. 

When we study the soundings along a coast line, we 
find that the valleys on dry land are rarely continued un- 
der the seas, unless in situations where mountains plunge 
suddenly into the water. In general, lines of valley term- 
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inate abruptly when they meet the sea, as should happen 
when coasts are cut back ; for the tendency of the waves 
and streams of tide in such situations is to level inequali- 
ties, and produce a slightly inclined plane surface. The 
same effects would be produced on coasts not cut back to 
any great extent : and also where valleys are continued 
from the land under the sea, though they would not be ap- 
parent until after a long lapse of time, one depending an 
the depth of water on the one hand, and the amount of. 
detritus carried round the coast and distributed by the ac- 
tion of tides, currents and waves on the other. 

The island of Corsica may be taken in illustration both 
of sub-marine valleys and of flat bottoms near coasts, obser- 
vable in a comparatively moderate area, and is the more 
striking because the great distributing power of tides in 
such situations is wanting. On the west coast the land 
plunges suddenly into the sea, and the valleys are continu- 
ed beneath it, presenting numerous inlets where the level 
of the sea meets the inclined bottom of the valley. Sound- 
ings appear to show that the detritus borne down these val- 
leys, or derived from the coast itself by the action of the 
waves, is accumulated beneath, and that there is a tendency 
to fill up the sub-marine valleys by this transported matter. 
If Corsica had been situated in a sea where tides and cur- 
rents swept round the island, the filling up of the sub-ma- 
rine valleys would have been more perfect, and the result- 
ing deposits more horizontal. On the east coast of the 
same island the slopes are moderate, and the bottom of the 
sea on that side presents a more even surface, while the 
coast line itself is not broken into those irregularities so 
common on the western side. Detrital matter is moreover 
now forced on this shore by the action of the waves, form- 
ing lines of beach, which produce lakes behind them, such 
as those at Biguglia, Urbino, &.c. On this side we do not 
discover sub-marine valleys. It will readily be seen that 
the sub-marine valleys are merely the continuation of those 
on the adjoining dry land : they, consequently, have not 
been produced by the erosivQaction of the sea upon them : so 
far is this from being the case, that where the action of 
the sea can produce any appreciable effect, inequalities are 
levelled. It will be obvious that the water rushing down 
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the inclined valleys of the western coast would lose tbcit 
velocities, and, consequently, thei? transporting power^ 
when they entered the sea ; so that far from pTodoeing a 
scooping effect on the sub-marine valleys, their action 
would tend to fill them up, by carrying detritus into 
them. 

The sub-marine valleys observable off the steep coast* 
of a tideless sea, such as the Mediterranean may be terined 
when such subjects as these are considered, could not have 
been produced in the sea itself; they must have been form- 
ed by the same causes to which their continued higher or 
sub-aerial portions are also due. If the whole has been, 
raised from beneath the sea» we do not perceive how the 
valleys were originally produced, at least by any scooping 
powers similar to those now existing in the Mediterranean ; 
they may, however, have been formed in the atmosphere^ 
ana have been subsequently depressed beneath the sea. So 
fer from sub-marlne^ valleys along lines of coast exposed 
to tides and currents being more favorably' situated for ero- 
sion than those observable in tideless, or nearly tideless, 
seas, they would have a tendency, all other things being 
equal, to be sooner filled up, and a plane surface the result^ 
the transporting power of the tides; or currents being the 
principal agent by which detritus would be brought to the 
required situations. With regard to all tl;e submarine 
valleys yet noticed, and observable off mountainous of steep 
coasts, such valleys are mere continuations of those en 
the land, and hence must have been formed by the same 
general causes, and those causes not the tides and -currents 
now existing in the same localities. These do not erode 
the surface beneath them m a similar manner, but, on the 
contrary, produce tracts of nearly level matter, such as oc- 
cur extensively off some coasts, and whiefar if elevated 
above the level ©f the sea, would form broad tracts of land^ 
with a surfisiee sufficiently flat l«« be termed plains 

If actual streams of tiiae and marine currents possessed 
sufficient cuttings power, and, conseqwntly^ sufficient ve- 
locity, to produce valleys, such as we observe in most hilly 
countries, we do not see how those fish which are found 
xound most coasts could exist ; the water would be charg- 
ed with detritus, amid which they would be hurried away,, or 
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forced to use extraordinary exertions to retain theiT place*. 
They might indeed avail themselves of eddies ; but they 
would there be mixed up with the transported detritus, tentt- 
ing to come to rest in such places, so that their actual hab- 
its and those under such conditions would be widely differ- 
ent. If actual streams of tide and marine currents cut 
out valleys we can scarcely see how molluscous creatures 
could survive ; for the velocity required to remove hard 
solid rocks would not permit mud, sand and gravel, the 
retreats of many of these creatures, to remain ; they could 
exist only in a few favorable situations. The formation of 
valleys, similar to such as we observe in hilly countries,, 
by the erosive action of actual streams of tides or marine 
currentSy is so opposed to observed facts, and would be 
productive of such consequences, that we are somewhat at 
a loss to conceive how such an hypothesis could have or- 
iginated. 

As streams of tide and marine currents, such as we now 
observe, appear incapable of producing those systems of 
valleys so commonly observable on dry land, we seem com- 
pelled, in our endeavours to explain the phaenomena observ- 
ed, to have recourse either to the long-continued and ero- 
sive action of torrents, rivers and minor stre^ims of water,, 
or to masses of water thrown into violent action and mov- 
ing with considerable velocity. When we attentively con- 
sider the systems of valleys in a hilly country, one in which 
several varieties of rock occur, as very frequently happcnSp 
we find, viewing the subject generally, that hard rocks ar» 
rounded as well as those we should consider more easily 
disintegrated. We are therefore led to consider that therd 
may have been some decomposition of the rocks acted on» 
which should, to a certain extent, render them all more? 
equally removable by moving water As far as our knowl* 
edge extends, rocks situated beneath the sea are not sub- 
jected to such general decomposing conditions as those ex<^ 
posed to the variable action of the atmosphere. The at- 
mospheric air contained in waters, to at least certain depths^, 
would no doubt furnish oxygen for the production of ox- 
ides, some of which might render a rock more easily act- 
ed on by moving water ; yet decomposition, produced by 
atmospheric influences^ would, we should suppose^ he &r 
.more considerable in a giTen time. 
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There are few rocks exposed to what have heen termed 
meteoric influences, or the general action of atmospheric 
causes, which have not suffered decomposition to greater 
or less depths.* In some it is very remarkable, so that 
there is a difficulty in procuring portions of such rocks for 
economical purposes, except at considerable depths, those 
on the surface easily splitting into fragments, even though 
apparently solid when first removed from the quarry. 
When deep cuts are made beneath the surface of hills, for 
new lines of road or other purposes, excellent opportuni- 
ties are afforded for studying this decomposition, which is 
frequently seen to be irregular, as in the section beneath 
(fig. 36.) one not uncommon in some of the deep cuts for 

Fig. 36. 




new roads among the argillaceous slat«s of Devon. The 
darker shaded portion a a forms the continuation of the 
lamin© of slates, represented in the lighter portion b b^ 
the uneven intermediate line being generally well shown 
from the iron in the upper portion having been oxidized to 
a greater extent than that in the lower part, so that the up- 
per portion is brown, or reddish brown, while the under 
part retains its original grey tint. 

When we attentively regard the manner in which rivers 
or torrents act upon the surface of a hilly country, we ob- 
serve that while much matter is romoved by them, the re- 
sulting surface is not rounded, though minor" little stream- 
lets, often very destructive, may cut more or less deeply, 
and thus by their numbers and united action produce a 
smoother general surface than would be afforded by the 
erosive action of torrents or rivers alone. It will be seen 
that these lines of running wat^r, by whatever names they 
may be designated, have a tendency to cut perpendicularly 

* Greological Manual, p. 43. 
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downwards, leaving steep or perpendicular walls on either 
•ide. JI b b (fig. 37.) represent the continuous surface of 



land, the action of a river would, if ii could cut into the 
rock beneath, produce a ravine bounded on either side by 
steep or perpendicular cliffs. As these effects would not 
resemble the undulating surface of a hilly country, and as 
the river would tend, if levels were favorable, still to cut 
down perpendicularly, we have next to inquire how fiir 
the decomj^sing action of the atmosphere may assist in 
producing the forms required. There would no doubt be 
a tendency in the summits of the cliffs, d d^ to crumble 
and fall into the ravine (a) beneath, where the river would 
as constantly endeavor to remove the fragments thus 
thrown into it. Whether it could, or could not, remove 
all the fragments would depend upon its velocity ; but in 
either case we might obtain slopes on both sides, if time 
sufficient were allowed. 

We will here suppose the most favorable state of things > 
and that the river could carry away the fallen fragments, 
and that in consequence it ceased to cut perpendicularly 
to any perceptible extent, its force being employed in re- 
moving the new obstacles opposed to its passage. We 
might thus eventually obtain the slopes c b, c b, (fig 37.) 
from the united action of gravity and atmospheric influen- 
ces. Assuming that the slope thus obtained may be so 
smooth that, when ultimately covered with vegetation, no 
verystrikingunevenness should be apparent, we have next to 
discover the extent to which this sloping process may be 
carried so as to resemble the sides of hills in such districts 
as those under consideration. When the angle of inclina- 
tion became = 45^ there would be a tendency of the frag- 
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ments to retain their places from the support afiorded t» 
one another ; so that further degradation would be^priBci^ / 
pally due to decomposition, and removal by running water, 
the friction of the latter, particularly when charged with 
detritus, also producing its destruictive effects. We should 
DOW obtain furrows and other inequalities from the cutting^ 
«ction of the streamlets, and there would be no smooth 
surface, if the slope became cover^ed by vegetation, as we 
should from all analogy expect it to be. If it wjere not so 
covered, there might be much crossing of small stream- 
lets or rills of water, and a moderately uniform surface the 
result. 

Having arrived at this point, there is considerable dif- 
ficulty in seeing how the slopes of the hills should beconie 
so gradual) from a repetition of such causes^ as to produce 
the present appearances in a hilly country. There is gen- 
erally a small depth of detrital matter aboye the fundamen- 
<tal rock on either side of the valleys, with a l^ger amount 
of the same matter at the bottom ; but this superficial de* 
tiitus is so far from receiving additions by the present ac- 
tion of atmospheric causes, which ought, according to <his 
hypothesis to be only a repetition of that to which .the val* 
"leys themselves are dtie, that galleys with steep or perpen** 
^dicular sides are ent through this upper detritus, and the 
rivers in the bottoms of the valleys also cut into it. We 
thus appear to arrive at the conclusion, that though valleys 
may be formed after a great lapse of time by the action of 
funning waters .on lines of fissures or depressions, we do 
not eventually obtain such comparatively gentle slopes as 
are common in hilly countries. 

We should not here neglect the fact, often insisted on, 
that the windings of rivers in valleys, and their frequent 
changes of course* would cause Jevelling effects. Un» 
doubtedly the flatter the surface the more irregular the 
windings of a river, all other things being equaL Henoe 
it may be said that th^ serpentine windings would become 
less, the deeper the river cut into the valley, so that 
there would be no necessity for supposing, the rrvers„ 
when they £rst acted on lines of valleys,, to have been 
far greater than at present, and that they have since dwin- 
died down to those we now see. The latter is an hypo»- 
stliedus which would imply p.ot. only vast bodies cif wajt» 
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Ynshing down with sufficient force to excavate valleys, buC 
«uch an abundance of rain to supply the rivers, that the 
amount of that which now faHs in the tropics would be a 
mere trifle when compared with it The winding of 
rivers may have had an influence, and though probably 
not to the extent strpposed, yet productive of effects which 
might afford assistance in explainirig certain appearances; 
in broad shallow valleys. 

We have hitherto considered the fivers to possess a 
sufficient body of water, and to move with considerable 
velocity, so that they may be able to Cut deep into the land 
and produce the clifis which by their disintegration should 
afford slopes. It is only necessary to traverse any mod- 
erate amount of hilly country to see that the waters now 
flowing in them< even with every allowance for freshes 
or floods, would be unable to produce the effects required. 
In many valleys the drainage waters are mere rills, and 
can never rise into importance, even in floods. In others 
there are no running waters, as may readily be seen in va- 
rious parts of our own country, the water derived from the 
atmosphere being readily absorbed by the rocks beneath, 
either from their being porous, or from the edges of their 
laminsB or strata, as the case may be, sufficiently approach- 
ing a perpendicular position. 

When from a lofly isolated point we cast our eyes over 
a considerable extent of hilly country, or view a correct 
representation of that country either in a model or a map, 
we are led to consider the inequalities before us as the ef- 
fects of several causes, not the result of one alone. The 
drainage waters find their way by numerous channels to 
the principal rivers, uniting into various little systems of 
minor streams before they accomplish this end. Here and 
there little flats show that water has been arrested by bar* 
tiers beyond them, and that the lakes thus produced have 
checked the velocities of the descending waters, so that 
detritus has been deposited, and the basin filled up.* 
When we now reflect that, in all probability, the land we 

♦ In such a country the drainage is generally perfect, lakes being 
commoQly found among, or on the skirts of, mountain ranges, or in 
extensivre planes, so that great length of time is at least one of the 
the causes which has produced the effects we should, in this case, 
see before us« 
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cootemplate is traversed by fissures in varioas direction*, 
some occasionally predominating more than others, we are 
led to inquire if all this dislocation of strata would not pro* 
4iuce motion in the waters of a 9ea, if the rocks so fractured 
were broken up beneath it. When modern earthquakes 
are violent, great waves are driven on the land, where they 
often sweep all before them. We may therefore fairly in- 
fer that greater intensities of force would produce greater 
waves, while the motion caused in the water over the dis- 
locations, supposing such to be formed, would tend to re- 
move the fragments produced. The waves no doubt 
would act powerfully where they broke, and tend to scoop 
out the broken portions of faults or fissures ; but we can 
scarcely obtain in this manner, or by the action of violent- 
ly agitated water above lines of dislocations, such valleys 
as those observable in a hilly country. When we call in 
the aid of large masses of water moving with great veloc- 
ity over rocks fractured and ^upturned in various manners, 
we certainly seem to attain a force capable of producing 
that general rounded character so remarkable in hilly 
land. The more sudden the rush of water, and the greater 
tihe volume, the more powerful would be the grinding and 
rounding action on the projecting points. 

If we suppose such a moving mass of water to traverse 
land furrowed into pre-existing valleys, the surface of 
which had been previously long exposed to the disintegrat- 
ing powers of the atmosphere, we seem likely to obtain 
effects more corresponding with the facts observed, than if 
it rushed over land not so circumstanced. It has been 
above observed that hills and valleys, affording an undulat- 
ing outline, are found as well among hard as among softer 
rocks. Now there appears a difficulty in obtaining simil- 
ar valleys in rocks differing so much in their resisting 
powers to moving water, either by rivers acting on fissures, 
by sudden rushes of water or dislocations, or by their 
combined action, though much might be accomplished in 
the latter case. When, however, we add the decomposi- 
tion and disintegration of rock from meteoric ^influences, 
we seem in a great degree to remove the difficulties ; for 
many rocks, such as certain granites, trappean rocks and 
limestones, which, when not disintegrated or decomposed 



Digitized 



by Google 



WATES CAUSED BT EARTHQTTAKXS. 175 

|»werftilly resist the action of moving^ water, would readi- 
ly give way if reduced to fragments or soil yielding sub- 
ctances, as frequently happens by the action of the atmos- 
phere upon th«m. . Indeed they would frequently be the 
rocks most easily removed by the sudden rush of a great 
body of water. 

The strata of a hilly country are often as broken, contort- 
ed, and heaved out of their places, though not to the same 
amount, as in mountain-chains. The angular outline of a 
«ystem of mountains is, however, so different from the un- 
dnlating wavy line of a hilly country, that we are led to 
suppose some cause to have acted on the one which has 
not acted on the other, or having done so, has not produc- 
ed the same rounding effects. It has been sometimes con- 
sidered that when we suppose water to have rushed over 
land in large masses, we call in the aid of some force al- 
most preternatural, some tremendous catastrophe difficult 
to conceive, if, however, we look at the causes which 
may produce great debacles or deluges a little more on the 
large scale, we shall find that such effects are not very diffi- 
cult to conceive. 

Earthquakes, which, from the extent of the areas shaken 
by them at the same time, seem a modification or less in- 
tense action of the same force that has broken up rocks 
into fragments of various sizes, cause, by the vibration 
communicated to the waters of the ocean, waves of various 
heights to rush upon the land. The vibration of the sea 
produced by the great Lisbon earthquake of 1755 threw a 
wave sixty feet high on the coast of Cadiz, and one eight- 
een feet in height on the island of Madeira. The area ag- 
itated by this earthquake comprises a large portion of the 
northern hemisphere, yet no very great amount of dislocat- 
ing effects was observed, at least nothing like the produc- 
tion of a line of elevated'land. We may hence form some 
idea of the effects which would be produced if a line of 
mountains one hundred miles long, and not above two or 
three thousand feet high, were suddenly thrust up beneath 
the waters of the sea. The vibrations produced in the su- 
perincumbent fluid would be proportionally great, and the 
waves rushing over shallows and low lands comparatively 
enormous. If those who consider such an uprise of moun- 
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taiDS a great exertion of force difficult of conception, were 
to take a common globe, about a foot in diameter, in their 
hands, and then estimate the proportional length of the 
crack, and the relati\re elevation necessary to produce not 
only this but far greater effects of a similar kind, they 
would probably cease to regard them as at all wonderful. 
Whether we suppose mountain ranges to be produced by 
the squeezing of the sides of fissures against each other, 
or by the intrusion of igneous matter, such an elevation as 
that noticed above would be inconsiderable when viewed 
with reference either to the mass or superficies of the 
earth * 

♦ I regret that the author has not given a theory to explain the 
formation of what I denominate terraced vallieSj which are very 
common in New England, especially along Connecticut river, and 
its tributaries; and which occur also in Europe. I cannot without 
drawings give even a tolerable idea of them, and shall not attempt 
it ; but merely beg leave to refer to my Report on the Geology of 
Massachusetts, second edition. Neither can I, without drawings 
convey an accurate idea of some very remarkable and power- 
ful eflects of the form<;r agency of water exhibited on the precipi- 
tous trap ranges in the valley of Connecticut river, which I have 
very recently discovered, 1 mention it here only to call the atten- 
tion of observers to the subject.— .Ijw. Ed, 
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CHAPTER X. 

Faults, as dislocations of strata are commonly termed, 
being mere fissures, the sides of which have been more or 
less moved, are necessarily exceedingly variable with re- 
gard to their appearances. The walls or sides of a fault 
are sometimes so close, that there is a difficulty in intro- 
ducing a small wedge into the fissures, while at others 
they are broad and filled with rubbish, generally fragments 
of the rock on either side ; and when these are formed of 
various beds, such faults may contain broken portions of 
them. We cannot conceive a fracture of rocks perfectly 
smooth, on the contrary we should expect it lo be uneven ; 
and therefore, when the sides of a fault are found to be 
tolerably smooth, we should infer that the rubbing or grat- 
ing of the sides against each had caused such appearances. 
Now when we attentively examine the sides of such faults, 
we very generally discover a polish and striated marks, 
indicative of pressure and motion, precisely as we should 
expect if they had been compelled to rub against one an- 
other with great force. These appearances are often seen 
in metalliferous veins, and are then known by the name of 
slickensides. There appears, however', to be little essential 
diflference between slickensides, which are either smooth 
Metallic coatings or the polished surfaces of a mass of 
metal, and the polished sides of faults. Striated parts are 
common in both, and it not unfrequently happens that in 
some metalliferous veins and common faults there are 
fragments of rock jammed in between the sides of the 
vein or fault, which appear to have been squeezed and pol- 
ished in those positions. 

It must necessarily happen, from the unequal fracture of 
rocks producing a fault, that the motion of the sides will 
bring some portions into contact while others will have 
8]:iaces between them. Let the annexed diagram. (Fig. 38.) 
represent a horizontal section of a fault : the side a, being 
12 
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Fig. 38. 




slightly moved to the left, b remaining firm, we have por- 
tions touching while others are distant. Now such ap- 
pearances are common, and the analogy between them and 
metalliferous veins highly interesting. The thinning and 
thickening of such veins may be easily illustrated, if the 
reader will take a piece of writing-paper, divide it into two 
by a waving line, then place it upon a piecie of gilt paper, 
and slide one portion of the divided paper so that the wav- 
ing lines of the edges do not coincide, and he will perceive 
the gilt paper between the interstices, resembling a metal- 
liferous vein, running with unequal thjckness, through the 
upper paper- This process has been adopted in the draw- 
ing for the above wood-cut, white paper having been divid- 
ed and moved on a black surface.* It wilf be' obvious 
that a very moderate motion, either lateral or perpendicu- 
lar, or one compounded of both, would cause such appear- 
ances as these, which are commonly observable in metallif- 
erous veins, and in those faults where the labors of man 
render them better understood than they can be by natural 
sections at comparatively distant places. 

♦ A still more illustrative mode of exhibiting the form of matter 
required to fill up the interstices of a .fault with irregular sides, is 
by procuring an uneven fracture of a mass of plaster of Paris^ 
slidmg one ot the surfaces upon the other so that numerous inter- 
stices occur, and then cast lead into the cavity, having walled up 
the sides to prevent the escape of the liquid metal. By cutting the 
resulting piece of lead in various directions, we obtain sections 
strongly jpemindiiig us of the observed iuequalities in metalliferous 
veins. 
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In thus endeavaring' to explain the uneven character of 
the sides of faults, we must not suppose that if again 
brought to those relative situations which they occupied 
prior to the fracture they would exactly coincide. The 
greater the friction produced by lateral pressure, or the 
amount of horizontal or vertical movement, the more would 
the projecting portions of each side be rubbed down, so 
that we should expect greater irregularities in the w^illa of 
a fault, and consequently in the matter contained between 
them, when the dislocating movement had been small or 
moderate. 

Lines of fault are commonly described as straight, or 
nearly so, and certainly some do keep remarkably straight 
courses for considerable distances if measured by yards or 
fathoms ; but they more frequently run in a waved or ir- 
regularly broken manner, precisely as we should expect 
would be the case with fraotures. Though many keep a 
remarkably general course, often parallel or nearly so to 
one another, when viewed with reference to a large area, 
the smaller parts of such courses are often very irregular. 
We may illustrate this by the following diagram (Fig. 39.) 
representing a fault, on the north of Weymouth, traced 
with much care for about thirteen miles, and laid down on 
the Ordnance map of the district, by Professor Buckland 
and the author.* 

Figr. 39. 



It will be observed, that though the fault may be describe 
*ed as ranging, taken as a whole, in an east and west line, 
the minor parts vary, as might be expected, in their lines 
-of direction. We should anticipate that similar facts 
would be observable in mountain-chains ; with this only dif^ 
ference, that in lines of great fracture the length of the minor 
irregular portions would often be considerable, though still 
«hort when compared with the whole length of the chain. 

* See Geological Transactions, 3d series, vol. iv,. 
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Hence instead of regarding the irregularities of strike or 
direction in the rocks of a mountain range as proofs that 
no general line of contemporaneous elevation prevails, we 
should take the general bearing of the whole, precisely as 
we do that of a fault, carefully estimating, without bias, 
or determination to find things as we suppose they must 
be from pre-conceived opinions, how much dislocation may 
have been produced at one epoch, and how much at others, 
should there be evidence, as there frequently is, of more 
great dislocations than one. 

Faults sometimes divide into two or more lines, precise- 
ly as we should expect fractures to do ; and when this hap- 
pens, we frequently find ihe lines of dislocation approach- 
ing their termination. The sides of a fault occasionally 
exhibit flexures, showing that the rocks were to a certain 
extent in a yielding state, and that there has been pressure. 
As these contortions are not. always in lines parallel to that 
of dislocation, though the doubling up of strata would ne- 
cessarily take place most frequently in such lines, (from 
the manner in which the pressure was applied,) the vari- 
ous twists and flexures are sometimes cut by the general 
horizontal level in such a manner as to exhibit curved 
lines, illustrative of those greater curvatures and circular 
arrangements of strata described as circuses or circular 
valleys of elevation. These circuses or amphitheatres, in 
which a range of elevated land, composed of some one 
kind of rock, passes in a circular manner round a depres- 
sion, with sometimes a central boss or elevation of land, 
may occasionally be seen well illustrated at the termina- 
tion of small fauhs in nearly horizontal rocks, composed 
of unequally indurated strata, such as the lias, and laid 
bare by tides or other causes. 



Fig. 40. 
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The above diagram will convey an idea of one of these 
small faults, a, which terminates at a boss, b, resulting 
from the flexure round the end of the crack or dislocation. 
This curvature being denuded horizontally affords the cir- 
cular line, c, c, c, upon the same principle that a piece of 
mammeilated malachite, stalactite, or similarly arranged 
substance, would, when cut in particular planes, present a 
series of concentric circles. If naw a. softer rock exist be* 
tween the outer part, c, c, c, and the central boss b, such 
as a marl or shale bed between two strata of lias limestone, 
and moving water act upon the whole, we obtain a central 
elevation, a kind of circular valley, surrounded on the out- 
er side by an escarpment of hard rock. It will readily 
strike those who have observed such circuses, or circular 
valle3'S of elevation, on the large scale in nature, that the 
miniature representation of them observable at the termi- 
nation of a small fault is in principle the same in all. 
The outlets are generally also through a ravine or gorge, 
the part where the contortion or flexure becomes a crack. 
A section across such circular arrangements of beds, 
whether on the great or small scale, would only differ in 
magnitude, the general features being similar.* When 
we consider how completely accidental the form of any 
particular contortion may be, we are not surprised at 
the various figures presented by valleys or amphitheatres 
of elevation, which are merely contortions or fractures cut 
by the general horizontal plane of dry land, and exposed 
to the various denuding changes to which that particular 
part of the earth has been subjected, since the necessarj^ 
force produced the original fracture or contortion. 

It will readily strike the reader, that these amphitheatres 
or circular valleys of elevation merely require the ejec- 
tion of volcanic matter through them to become the much- 
.disputed craters of elevation. If, upon the principle ex- 
hibited in fig. 40., volcanic rock, such as large horizontal 
accumulations of basalt, trachyte, volcanic conglomerates, 

• The study of small dislocations in various rocks laid bare hori- 
zontally for some distance by low tide§, more particularly if they 
be composed, like the lias, of beds unequally indurated, affords 
abundant information respecting the greater dislocations pbseryai- 
|)le on the eariljL's surface. 
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or other substances of the like kind, were forced up in a 
circular manner, we should have a crater of elevation. 
It merely requires a volcano to play through the central 
part of the circle to produce all required by Von Buch's 
theory of the craters of elevation. As it appears very 
difficult to thrust a horizontal mass of rocks upwards, par- 
ticularly if there be a point more powerfully acted on than 
others, with ut producing corresponding points of greater 
elevation than the rest, or fracture of such points into 
crateriform cavities, it seems somewhat surprising that 
craters of elevation have been doubted. When we find 
siliceous sandstones curved and twisted in every possible 
direction, as we frequently see them, we infer that. the part- 
icles composing them have had the power so to move 
among one another, that a comparatively soft and yielding 
state has been produced. Without this yielding condition, 
the contortions could not have been effected. We are, 
therefore.not surprised to find those simple and larger curva- 
tures of sandstones, slates, limestones, and other stratified 
rocks, which, when denuded in a horizontal plane, constitute 
great curved or circular lines of strata. Why it should 
be considered extraordinary that great tabular masses of 
basalt, trachyte, or rocks of that character, should yield, or 
become soft, when their composition is more favorable for 
such a condition than that of the sandstones, does not ap- 
pear very clear. 

If an elevating force act beneath a tabular mass, wheth- 
er of the common fossiliferous rocks, or basalt and tra- 
chyte, and either a part of the mass be less resisting than 
others, or the force act with greater intensit}' in one place 
than in another, a protrusion, or somewhat circular frac- 
ture, would, 'we should consider, be the result ; one that 
can scarcely be considered extraordinary ; but on the con- 
trary, one that it would be more extraordinary not to 
find. Among the contortions and fractures of mountain- 
chains, and disturbed countries generally, there is no wan^ 
of strata so circumstanced that if volcanic matter pierced 
the central parts of the area, they would readily be termed 
craters of elevation. The most beautiful example yet no- 
ticed in the British Islands, of strata so arranged, is that 
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lately discovered by Mr. Murchison, in the graywacke se- 
ries, at Woolhope in Herefordshire,* 

It sometimes happens that the side of a fault turned up- 
wards by pressure, is not that which we should expect to 
have been so circumstanced. The following example is 

Fig. 4U^ 



/ 
not selected because it is one readily seen in the country, 
for it requires some attention to be certain of the facts, but 
because it is a larger view of the Wambrook fault, fig- 
ured p. 162 and there shown to be one of a system of 
faults. Among the faults on sea-coasts better examples 
may be found, because the facts are there seen at a glance, 
as if in a picture. By means of the fault, / in the Wam- 
brook valley, 6, lias, ^, on the west, is brought into contact 
with green sand, c, on the east, covered by chalk, b, and 
once constituting a continuous portion of the green sand, 
d, on the west. Now, if a simple dislocating force either 
produced the mere subsidence of the mass on the east, or 
the elevation of that on the west, the ends of the lias stra- 
ta ought to be turned downwards instead of upwards as 
they now are, supposing the necessary friction. Either, 
therefore, there has been great lateral pressure forcing the 
edges of the lias upwards, or, when the fracture was ef- 
fected, the mass on the west was thrown upwards in such 
a manner as to descend against the eastern side of the dis- 
location or fault* In this case the bottom of the valley 
prevents us from observing whether the green sand bears 
marks of extraordinary pressure, as quarries are not open- 
ed on that side, but there is no appearance of any con- 
tortion down to the bottom of the valley. We cannot, there- 

• • A figure of this valley or amphitheatre of elevation will proba- • 
bljr appear in this gentleman's work on the upper graywacke series 
or Wales and neighboring pans of England, and on the geoiogical 
structure of other adjoining districts* 
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fore, iDfer here, as we may in many other places^ where 
equally yielding rocks occur on both sides of faults, and 
one of them is turned up in che manner represented above, 
that a relative elevation of the one, greater than that now 
observable, once took place, and (hat either from gradual 
subsidence of that side since, or from sudden violence at 
the time of the fracture, the friction was so great as to turn 
up the ends of the relatively elevated rock. • 

The contents of common faults throw much light upon 
what have been termed metalliferous veins, merely because 
they contain metals sought for and employed for econom- 
ical purposes. Many veins, which would not be coramon- 
ly^termed metalliferous, contain abundance of iron pyrites, 
often found in common faults, more particularly when they 
traverse clays, marls and slates. It has been above re- 
marked that the sides of faults are frexjuently so close as 
absolutely to touch, while at times they gape, and the fis- 
sure has been variously filled. Angular fragments of 
different sizes, some no doubt broken off at the time of the 
dislocation, are common ; but there have evidently also 
been hollow spaces, both among the fragments and be- 
tween the walls of the faults themselves, which have only 
been filled gradually by the introduction of matter, princi- 
pally in solution, and which in some cases has not abso- 
lutely filled the cavity, but left interior spaces, technically 
termed druses, surrounded by crystals of various kinds.- 
The infiltration has often taken place precisely in the man* 
ner in which cavities have been filled in certain rocks, 
giving rise to the formation of agates. 

It will generally be observed that the cavities or hollows 
in question are lined, if not entirely filled, with matter 
predominating in the 'rocks composing the sides of the 
fault. If these be of limestone, the matter is generally 
calcareous spar ; if among siliceous gray wacke, or rocks 
of that character, quartz ; if among argillo-calcareons 
beds, such as the lias, where sulphuret of iron may be 
common, calcareous spar, iron pyrites, and sometimes sel- 
enite, are not uncommon ; if among the upper beds of the 
red marl, or other substances where sulphate of lime may. 
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be common, gypsum is frequently found.* There is evi- 
dently a conhexion between the' ordinary contents of the 
fault and the rocks among* which it occurs, as we might 
expect, because it would readily receive water from them, 
and, consequently, any matter which that might hold in so- 
lution. 

In some cases the fissure has evidently gaped for a long 
period, and the gradual filling up has proceeded from the 
sides inwards. The most obvious facts of this kind are 
observed among limestones of a certain collective thick- 
ness, such for instance, as the carboniferous limestones of 
England and Wales. The annexed diagram represents a 
portion of such a fissure, the curved and, to a certain extent, 

Fig. 42. 
h 

c \ 



parallel lines h b, conforming to the sides a a of the f^ult. 
When great length of time has elapsed in the production 
of each coating of calcareous matter, the outside of each is 
faced with the heads of crystals, upon which the next coat- 
ing has been formed. Cavities or drusses are by no means 
uncommon in the central portions of such faults. Circum- 
stances, precisely analogous, may be observed among vari- 
ous slate rocks, the matter coating the wails of the fault be- 
ing quartzose instead of calcareous. Many of the fau]ts,term- 
edcross courses,in Devon and Cornwall are of this character. 

* The diagonal lines of flint traversing chalk, see b, fig. 15., p. 93., 
and having much the appearance of small cracks filled up by the 
infiltration of silica, seem also to afford an example of the separa- 
tion of matter from the body of the rock, analogous to those above 
enumerated. 
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The analogy between the common contents of a fault 
and the greater proportion of metalliferous veins is so stri- 
king, that we are irresistibly led to consider theii origin 
to have been similar. It is only when we turn to the me- 
talliferous contents that we have any apparent difficulty. 
The presence of the sulpburets of metals is not confined 
to the metalliferous veins, commonly so called ; for sulphu- 
ret of iron may often be detected in common faults, clearly 
introduced into them subsequently to the fracture, and oc- 
casionally crystallized in the drusses. The principal 
distinction seems to consist in finding particular metals in 
one place and not in another. Now, this being the case, 
we should rather study the conditions that may have pro- 
duced such a difference, than conclude, a priori, that there 
can be no analogy between faults and numerous metallifer- 
ous veins oi lodes. As well might it be contended that 
there is no analogy between two common faults, because 
the space between the walls of one is filled with quartz, 
and that of the other with carbonate of lime. 

Here some remarkable facts come to our aid. It has 
been very generally observed, and was more particularly 
insisted upon some years since by Mr. Came, that the 
character of metalliferous veins changes with the struc- 
ture of the rock through which they pass. There is 
scarcely a miner of any Intelligence in a mining district 
who is not practically aware of this fact. He may often ' 
be heard to predict either success or failure from the change 
of country (as the rocks, including the veins, are techni- 
caly termed in some districts,) discovered in following up 
a particular metalliferous vein. His predictions are not 
always verified, it is true, for the change niay have been 
of a different character from what he anticipated ; but this 
constant reference to probable change shows how common 
the fact is. It is not necessary that fhere should be an ab- 
solute difference of rock, geologically considered, such, 
for instance, as from slate to granite ; a change in the 
hardness and general mineralogical structure of the same 
system of rocks will frequently cause alterations of the 
vein sufficiently remarkable. 

Now this difference in the contents, or rather in a part of 
the contents of metalliferous veins, clearly depends upon 
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the rocks through which they pass ; and H to it we add 
the facts above noticed, we have considerable evidence to 
show, that upon the rocks through which either metallifer- 
ous veins or common faults pass, depends the condition of 
the matter which may occur in them. Among the best 
conditions for expecting to find fissures filled not only with 
an abundance of metals, but also with kinds most useful to 
a civilized state of society, is the proximity of some mass 
^ of granite, porphyry, greenstone, or rocks of that class, to 
stratified rocks, such as slates and others.* Every Cornish 
miner knows the value of the proximity of his mine, if it 
he in killas, (as the slates are commonly termed in the min- 
ing districts of that part of England,) to granite. The 
best mining fields of Cornwall and Devon are within mod- 
erate distances on either side of the line separating the two 
rocks. t Here, therefore, we have a condition favorable to 
the occurrence of particular metals. Analogous fects 
could be readily adduced, but notices of them would not 
accord with the plan of this volume. In many we should 
consider that, long-continued heat had acted a considerabls 
part in producing the phenomena observed, and not a few 
cracks or fissures might arise from the- conditions un- 
der which an intruded mass of igneous matter, and the 
rocks through which it appeared, might eventually be 
placed. 

That chemical changes have taken place in the matter 
contained in some metalliferous veins after they have, to a 
certain extent at Iqast, been filled by various mineral suh- 
stfifnces, is proved by the occurrence of pseudo-crystals, or 
those of one substance formed in cavities left by crystals 
of other substances which had previously disappeared, 
their moulds or impressions remaining. The same cir- 
cumstance is also well shown by the presence of the cavi- 

• M. Necker de Saussare has accumulated considerable evidence 
on this head in a paper read.before the Geological .Society of London* 
See Proceedings of that Society. 

t It may be here noticed, as a curious fact, that in the numerous sit- 
uations in Devon and Eastern Cornwall, where bundles of man- 
ganese occur, the latter are, with very few exceptions, and many of 
those somewhat doubtful, in gray wacke, near greenstone or some 
trappeanrock. 
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ties themselves, left by the disappearance of the substances 
to which they are due. In the former case we have four 
different conditions : 1. the production of the original cry- 
stal ; 2. the envelopment of them by a second substance, 
differing from the first, such as cubic crystals of fluate of 
lime by quartz ; 3. the disappearance of the matter of the 
Qriginal crystals by solution or otherwise ; and 4. the sub- 
stitution of a third substance for the matter thus removed, 
by which it takes an external crystalline form it would not 
otherwise possess. In the second case there would be only 
the three first of these conditions. 

These changes are highly interesting, as they show that 
the contents of a vein do not necessarily remain at rest after 
their first production, and prepare us for other important 
changes which may have been produced and areas yet 
unknown to us. The formation of one crystalline sub- 
stance upon crystals of another substance also seems to 
-show that the present contents of veins have not been sud- 
denly produced, but have been the result of time. In met- 
alliferous veins the ores of metals rarely extend from side 
to side : they are generally mixed up in various ways with 
quartz and other substances, and very frequently with frag- 
ments of rocks of the same kind as those through which 
the veins pass. 

We have no intention of entering into the general sub- 
ject of metalliferous veins, which would carry us into de- 
tails inconsistent with the plan of this volume; we are 
merely anxious to show how analogous many of them 
are to con)mon faults, and that different conditions have 
produced differences in the substances filling the fissures. 
In some rocks metallic ores evidently form jpart of the mass 
in which they are contained, such as oxide of tin dissemi* 
nated in some granites. It has merely crystallized out in 
the same manner as the felspar or mica. When also 
bunches of ore occur in the middle of a rock without fis^ 
Bures like faults, the formation appears somewhat contem- 
poraneous. If we attentively consider many of those sys- 
tems of strings or small veins of metal crossing one anoth- 
er in all directions, they appear like cracks produced in 
ithe rock during consolidation, and subsequently filled with 
metallic ores derived from the rock itself The matter pf 
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the. rock generally appears to have been once united ; and, 
many little marks may occasionally be traced on both sides 
of the string or small vein, which, if the latter were re- 
moved, would join. Other systems of a network of small 
Teins appear as if they had separated out during the forma- 
tion of the rock itself. But in this case, as in the other, 
the metallic matter filling the veins must have once been 
part of the matter of which the rock was comjiosed. These 
veins appear exceedingly analogous to quartz and calcare- 
ous veins observable in many rocks. 

In addition to the facts above noticed, which seem ta 
point to the rocks in which metalliferous veins occur as 
the source whence much of the matter contained in them 
has been derived, it may be stated that the rocks themselves, 
where they approach the vein, are not genei-ally in the 
same condition as at some short distance from it. We may 
very readily conceive that in metalliferous veins, more 
particularly those long ago formed, the contents may be vari- 
ously derived. It would, however, be premature to reason 
on this subject before we hare an abundance of data before 
us, and due attention be paid to the conditions under which 
any particular metalliferous vein or system of veins 
may have existed, carefully weighing those conditions, and 
observing how far the contents either differ from or re- 
semble one another, ecccording to the relative circum- 
stances under which the veins may have been placed. By 
thus carefully separating and classifying the facts, we may 
be ultimely led to trace to their sources the causes, 
and the modification of the causes, which have produced 
them.* 

• We have purposely abstained from noticing the probable effects 
of electricity in producing some of the contents of mstaliiferuos 
veins, since the recent brilliant researches of Mr. Faraday have in- 
directly placed the subject in such a light, that it requires a careful 
examination of some hitherto neglected points before we attempt 
to reason on it generally* 
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CHAPTER XL 

After the remains of animals and vegetables, entomb- 
ed at various depths and at different periods in the crust 
of the globe, were fully recognised as the exuviae of organ- 
ic life which had once existed on the suriace of the earth, 
it became a somewhat prevalent opinion, particularly after 
the researches of Cuvier and Brongniart around Paris, and 
those of Smith in England, that contemporaneous deposits' 
were characterized by the presence of similar organic re- 
mains. During the time that such deposits were suppos- 
ed to be distinguished by similar mineralogical composi- 
tion, and, viewing the subject the other way, that similar 
mineralogical structure at once proclaimed the geological 
date of the rock, it was considered somewhat heretical to 
doubt the possibility of discovering any other than a cer- 
tain series of organic remains in a given fossiliferous rock 
wherever found. 

This opinion, though somewhat .modified, is still so far 
entertained that similar oiganic remains are supposed to 
characterize contemporaneous deposits to considerable dis* 
tances ; at least to this extent; that if a belemnite be discov- 
ered on the flanks of the Himalayan mountains, there is a 
disposition to consider, a priori, that it must belong to 
some part of a series of rocks in which this genus is found 
in Western Europe. Fossil shells of similar species are 
also supposed to characterize the same deposit over consid- 
erable areas. 

In the present comparatively advanced state of geology, 
it behoves us carefully to weigh the conditions under which 
animal and vegetable life now exist, before we assume that 
a given deposit can or cannot be determined by its organic 
contents. Some of these conditions are sufficiently well 
known, so that by diligently studying the zoological and 
botanical ciiaracters of fossiliferous rocks, we may approxi- 
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raat€ towards ascertaining how far animal and vegetable 
life may have existed under circumstances resembling 
those we now observe, and how far both may have dif- 
fered. , 

It is more particularly desirable to investigate the con- 
ditions necessary to marine animals, which, from the forms 
observed among organic remains, we consider to havebeen 
most abundantly entombed in mineral matter since the sur- 
face of the earth has been fitted for their existence ; an 
abundance so great, that if their exuviae were abstracted 
from the mass of fossiliferous rocks generally, a large 
amount of matter would be removed, and the relative vol- 
ume of the whole be so reduced, that, in several instances, 
rocks composed of little else than the remains of marine 
creatures would almost entirely disappear. 

The temperature of the ^a is not liable to those great 
and sudden changes pbservable in the atmosphere. Varia- 
tions in climate, according to the seasons, no doubt cause 
corresponding variations in the temperature of the waters 
beneath them ; but the amount of change thus produced 
is relatively small, as may be seen by comparing the ta- 
bles of the temperature of the sea on any given coast with 
those of the climate in the same situation. Marine crea- 
tures therefore are not exposed to the necessity of chsmge 
of place, from the iner« effects of altered temperature, 
to the same extent as animals which exist in the atmos- 
phere. 

Now as the temperature of the sea is necessarily sub- 
jected to greater variations in shallow than in deep 
water, the creatures which habitually prefer the one to the 
other will (unless especially fitted to support variable tem- 
peratures, as no doubt a large proportion of them are,) be 
disposed to change their abodes more frequently in shal- 
low water than in the deep sea, supposing it to be inhabit- 
ed.* In other words, we should expect marine creatures, 

• Fish .aod moUascous animals are also disposed to change their 
places in shallow water, from the agitation caused by waves. 3ome 
seek refuge in deeper water, while others enter sheltered bays and 
creelks. Sometimes, if heavy gales prevail for a considerable time, 
■marine animals will be found in estuaries which are entirely free 
/rom them in moderate weather- Pectens often enter into ihe 
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inhabiting shallow water around shores, to be less coin 
stantly found at given depths, than those which require a 
greater depth of water to render their abodes agreeable to 
them. 

Taking the ocean-level at the equator as a line, and 
viewing the subject generally, the temperature v^ould de- 
crease perpendicularly both down to the lowest depths of 
the ocean, and upvrards to the highest parts of land which 
may project into the atmosphere. We should thus have 
certain heights or depths, as the case might be, where 
creatures preferring any given temperature might find it 
within certain limits. Temperature, however, though aa 
important part of the conditions necessary to the existence 
of animal life, and greatly affecting its distribution over 
the surface of the globe, is only one among many consid- 
erations to be taken into account in an inquiry of this kind. 
As we see that different densities of. the atmosphere are 
preferred by difTerent animals existing in it, so do we find 
various densities of water most agreeable to creatures ex- 
isting in that medium. As we have elsewhere* remark- 
ed, if we consider that animal life decreases in proportion 
as the atmosphere becomes colder and less dense, and that 
marine life is less abundant as the pressure of the sea in* 
creases, and the necessary light diminishes, we obtain, as 
it were, two series of zones, one rising above the ocean- 
level, the other descending beneath it ; the terms of the 
two series, all other things remaining the the same, afford- 
ing • the greater amount of animal life as they respectively 
approach the ocean-level. 

Every naturalist knows that a given depth of water is 
that at which pertain creatures are likely to be found ; 
which implies that they prefer a given pressure of water 
and particular temperatures. For instance, creatures fish- 
ed up in the tropics from considerable depthe, and never 
discovered in shallow water, exist habitually under great- 
er pressure and at a less temperature than other tropical 

creeks and estuaries of South ftevon^ if the water be not too fresh 
when bad weather prevails in the open sea, to which they again re- 
turn when the gale subsides. 

* Geological Manual^ p. 29., 
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creatures found in shallow water. If we take any of the 
experiments made to ascertain the temperature of the sea 
at different depths in the tropics, we shall see how soon 
the creatures inhabiting the shallow water in such lati- 
tudes would be placed under circumstances by no means 
favorable to their existence, neglecting for the present the 
variations .of pressure which, no doubt, would nroduce 
equally destructive results. The experiments of Sabine, 
Wauchope and Lenz* show us that while there may be a 
temperature of about 80° Fahr. in the surface waters of 
tropical seas, there is a temperature of from 36° to 50o at 
the* depth of about 1000 fathoms, the greater temperature 
being discovered nearest the equator. The manner in 
which this decrease takes place may be illustrated by this 
experiment of M. Lenz made in lat. 21° 14' N. The sur- 
face water being at 79o-5, he obtained 61°-4 at 150 fath- 
oms ; 3707 at 440 fathoms; 37°-2 at. 709 fathoms; and 
360-5 at 976 fathoms. It will readily be seen that the 
greatest change of temperature takes place beneath moderate 
depths of water, and that at considerable depths the relative 
amount of heat is more constant. This is a fact very gen- 
erally observed, as might be anticipated, in other situations 
than the tropics. 

The change of temperature by an increase in the depth 
of the ocean, resembling, to a certain extent, that caused 
by elevation in the atmosphere, naturally induces us to in- 
quire whether creatures known to us as existing only in 
the waterS' of temperate climates might not be found at 
depths in the tropics where the temperature is nearly 
the same upon the same principle that plants growing on 
the low lands of cold climates may be discovered on the 
elevated mountains of more temperate regions. It might 
be said that.if ptes§ure be taken into account, th^re is no 
reason why, a priori, certain plants should be more capa- 
ble of sustaining different degreesof pressure- than certain 
marine creatures. We will^not, however, stop to examine 
how far the cases would. be, analogous ; for there is one 
very important consideration which must enter into all 
such inquiries as those.we are now instituting, and that is, 

• Geological Maanal, ^. 25. 
18 



Digitized 



by Google 



194 XARINB AlflMAL LIVB. 

would marine creatares living habitually in shallow 
waters, and consequently in a medium where atmospheric 
air is disseminated to a considerable extent, be capable 
of supporting life at great depths where we may infer that, 
if air be present, it would be infinitely moie scarce 7 

We know, as far as regards fresh-water fish, chat if they 
be plunged into distilled water, they will die from the 
want of the air commonly contained in lake and river 
waters, and we may infer that marine fish could no more 
exist wit bout air disseminated through sea, than the fresh- 
water fish in distilled water. 

The analogy between the plants and animals above no- 
ticed seems here to cease, for the plants could as readily 
procure the gaseous matter necessary for them in the one 
position as in the other ; though it must not be forgotten 
that in the great adaptation of animal and vegetable life 
to the situations fitted for it, numerous plants which live 
in places where the density of the atmosphere is compara- 
tively small, are, according to Humboldt, provided with aa 
abundance of secreting vessels, so that the .respiration of 
the leaves of such plants becomes deranged when the latter 
are transferred to situations where there is greater atmos- 
pheric pressure.* 

As we cannot readily conceive that marine creatures 
are capable of decomposing water for the purpose of pro- 
curing the oxygen that may be necessary for them, we 
look to the absorbtion of gaseous matter by water, and its 
consequent dissemination among the latter, as the means 
by which creatures obtain the requisite air, assuming that 
■oxygen is necessary to the whole animal creation, and that 
it must be obtained at intervals, however unequal these 
may be in diflferent races, for the purpose of sustaining 
life.t Of the depths to which air may thus find its way 

♦ Tableaux de la Nature, ii. p. 115. 

t It may, indeed, be said that if the lower creatures do consume 
•oxygen forming part of the atmospheric air disseminated at great 
depths, the intervals at which they require it may be so long, and 
the amount so small, that a very trifling relative volume of this 
substance would suffice for great lapses of time. This latter view, 
if true, would, however, only lend still further to illustrate the adap- 
tation of animals to the conditions under which they are placed. 
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we know nothing ; but the Tery curious observations of 
M. Biot on the gaseous contents xjf the swimming-bladderf 
of fish show us that such contents probably v^ry, accord- 
ing to the depth at which the fish usually li^e. He found 
that such bladders were not filled with atmospheric air, 
but with nearly pure nitrogen, when the fijsh inhabited 
shallow water, and with oxygen and nitrogen, in the pro- 
portion of '9 of the former to 1 of the latter, when they in- 
habited depths from 500 to 600 fathoms* We might 
hence infer that there is a difficulty in procuring nitro- 
gen at great depths while it is readily obtained near the 
surface, and hence that atmospheric air is more abund- 
ant in the latter than in the former case. We may also 
suppose that oxygen is more readily absorbed by sea- 
water than -nitrogen, and that, therefore it may extend to 
greater depths. Be this, however, as it may, the differences 
in the contents of the swimming-bladders are exceedingly re- 
remarkable, and apparently point to a difference in the gas- 
eous matter disseminated through sea-water at variouis 
depths, at least as far as regards the proportions that oxygea 
;and nitrogen mayS)ear to each other under such conditions. 
It might hi considered that fish, being provided with 
jthese swimming-«bladders, would have the power of rising 
.to any height in the Vater -they desired, and that therefore 
they could obtain whatever amount of disseminated air 
-they might require. It would appear, however, that though 
capable of rising and descending from and to certain 
depths, fish are limited, according to their species, as to the 
thickness of the stratum of water, if we may so speak, 
which they inhabit. As fish rise and descend in water, at 
least the great proportion of them, by means of expanding 
and contracting the gas in their swimming-bladders, it is 
evident that when this gas becomes, by pressure, of the 
.same density as the surrounding water, the fish can no 
longer descend, unless, indeed, by great muscular exer- 
tions ; neither would they ascend with facility beyond a 
certain height. M. Pouillet has observed on this head 
that the gas in the swimming-bladders of fish brought up 

* Biot, as quoted by Pouitiet, Elemeas de Physique Ezperimen- 
rtale, torn. i. p. 187. 
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from the depth of ahout 3300 feet, and therefoTe under a 
pressure equal to about 100 atmospheres, increases so con- 
siderably ip volume that all muscular effort being unable 
to restrain it, it forces the bladder, stomach, and other neigh- 
boring parts outside the throat into the form of a balloon- 
shaped mass.* 

We have no reason to conclude that different species of 
fish are the only marine creatures likely to be limited to 
particular depths of water ; we should infer that all the an- 
imal inhabitants of the ocean and seas were similarly cir- 
cumstanced. Pressure and temperature change with the 
depth ; and we cannot conceive that the same animal, be it 
what it may, could live equally well near the the surface 
and beneath a depth of 1000 fathoms, more than we should 
consider that a man would^find himself equally comforta- 
ble at small heights in the atmosphere, and at an elevation 
of 30,000 feet above the sea. Throughout animal life 
creatures appear to have been formed to sustain that par- 
ticular pressure, 'whether of air or water, which is USU-' 
ally found in the situations destined to be occupied by 
them. Creatures existing in the atmosphere, all other 
things being the same, would, however, siraer less in pro- 
portion from a given amount of vertical change of place 
than creatures living in the sea. An eagle, accustomed to 
soar at considerable heights, can live at the level of the sea; 
but it is very doubtful if a shark could continue long to 
exist beneath considerable depths, though no doubt rapacious 
creatures are better enabled to sustain such changes than 
others ; the necessity of finding prey at various altitudes 
or depths, as the case may be, being especially provi- 
ded for. 

Fish could not remain at ease in any particular depth 
of water if their specific gravity at the time was not pre- 
cisely that of the medium in which they existed. It is evi- 
dent that in many the change in their relative specific grav- 
ities is effected by the contraction and expansion of the 
gas in the swimming-bladders above noticed : and we have 
seen the consequences of removing such an elastic body 

* Elemensde Physique Experimentalei tom.i. p. 188. Seconde 
. Edition. 
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from greater to less depths. We now come to another 
question. As the liquid matter circulating in marine 
creatures is in all probability, .of such densities that the 
pressure of the surrounding aqueous medium is exactly such 
as to allow it to move with the proper freedom, would 
change in the relative depth of any given marine creature 
produce a corresponding: effect in the circulatipn of its 
fluids ? Although we may consider the fluids and the 
surrounding water to be to a certain extent elastic, their 
elasticity is not such as to produce effects similar to those 
caused by the expansion of gaseous matter : it would prob- 
ably, therefore, require very considerable differences in • 
pressure to. produce any appreciable effect. 

Wherever a creature exists, we may consider it to be 
partially kept together by a given amount of pressure, so 
arranged that it can move freely in the medium, whether 
gaseous or aqueous, in which it may habitually live. The 
powers of the muscles are suited to this condition of things. 
if, however, the pressure become less from any cause, 
there would be a tendency in the body of the creature to 
change its volume in order to accommodate itself to the 
medium by which it is surrounded. The derangement 
would be first experienced in the smaller and more delicate 
vessels, constructed as they are with such beautiful precis- 
ion, that the power of controling their action is always^ 
equal to the effects required. A pressure suited to the* 
proper condition of the animal is part of this power; and 
when it is greater or less than the creature habitually sup- 
ports, the animal suffers in proportion to the difference ; 
so that when the latter becomes considerable, the creature, 
ceases to exist. Although man can live without unpleas- 
ant sensations under a considerable variation of atmos- 
pheric pressure, yet upon lofty mountains, such as Mont 
Blanc, and, consequently, under a considerably diminish- 
ed weight of air, he perceives he has attained a situation 
where his bodily sensations, from the want of the neces- 
sary pressure, are most unpleasant: every step requires 
'' great effort, his breathing is deranged, the smaller blood- 
vessels begin to give way, and altogether he finds himself 
under conditions not suited to him. His sensations, there- 
fore, teach him that he could continue to exist only beneath 
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a given amount of atmospheric pressure, and that the com- 
ponent parts of his body are suited to it. 

When we consider the effect of pressure on marine crea- 
tures, we must not forget that, from the very great differ- 
ence between the elasticity of air and water, the change 
of relative specific gravity of an animal, rising to a given 
height in the atmosphere, woyld be far greater than that of 
a marine animal, unprovided with swimming-bladders or 
similar organs, descending to an equal depth in the sea. 
As far as mere fluids are concerned, and estimating the 
amount of change in the relative specific gravities of the 
creature and of the surrounding medium, which may be 
sustained without inconvenience, by that which a man can 
endure either in rarified or condensed air, we may infer 
that the mere difference in the relative specific gravities of 
sea-water and of the fluids circulating in marine animals . 
would not be productive of very great effects even from 
considerable variations in depth. It is otherwise, however, 
with differences in pressure. A creature living at the 
depth of 100 feet would sustain a pressure, including that 
of the atmosphere, of about 60 pounds on the square inch, 
while one at 4000 feet, a depth by no means considerable, 
would be exposed to a pressure of about 1830 pounds upon 
the square inch. It will be obvious, from our knowledge 
♦ of the structure of animals generally, that we cannot with 
any reference to such structure, more particularly that of 
the delicate vessels, suppose any one creature capable of 
Sustaining such enormous dilTerences of pressure with 
impunity. 

We may fairly infer that as the sea varies in its pressure 
and temperature, and probably also in its amount of dis- 
seminated air, in proportion to its depth, marine creatures 
are formed for the conditions under which they exist ; and 
as the latter vary, so do also the former, viewing the sub- 
ject on the large scale. There is another important ele- 
ment to be taken into these considerations, and that ele- 
hient is light. How far all marine life may require light 
it is difficult to say ; some creatures inhabiting the mud 
and the sand banks beneath the sea can, at all events, live 
long without it, and do so from choice ; it must, however, 
be essential to all those provided with the organs of vi»ioii. 



Digitized by VjOOQIC 



MARINX ANIMAI. LIFX. 1^ 

Hence those which are so provided would prefer the lev- 
els where they can obtain the degr*;e of light best suited 
to them; so that we might expect to find the great mass of 
fish, Crustacea, and such molluscous creatures as possess 
eyes, in comparatively shallow w^ater. When not in shal- 
low water, and consequently where there would be less 
light, we should anticipate some modification of the or- 
gans of vision, by which they may be enabled in some 
degree to obviate the inconvenience of living in compara- 
tive darkness. Now this is precisely what we do find, 
and is well illustrated by the - Pomatomus Teltscopium^ 
fished up at considerable depths off the coast near Nice, 
whose eyes are remarkable for their magnitude, and form- 
ed to obtain the advantage of every ray of light that can 
penetrate into its abode. 

Our knowledge of the depths at which the animals in- 
habiting various shells exist is necessarily limited. Shells 
commonly found on sea-beaches have been thrown there 
by the action of the breakers ; they have been moved on 
shore by the propelling power of the waves in that direc- 
tion. Under ordinary circumstances the shells alone are 
ejected from the sea; it is only after heavy gales, produc- 
ing great movement in the more shallow bottoms around 
coasts, that the animals are detected in them when cast on 
shore. It would appear that the motion of the disturbed 
water in heavy gales swept up the sands or mud in which 
some of the molluscous creatures habitually live, and that 
being unable to resist the propelling action of the water, 
they aire thus forced on the land. 

' It wiH be obvious that, as the action of waves sufiicient 
to drive bodies, such as shells, on land can be felt only at 
moderate depths, the shells so discovered could have been 
derived only from similar depths. Therefore as we are 
not likely, under ordinary circumstances, to find deep-water 
shells cast on shore, it can only be by fishing, dredging, 
or similar means, that we obtain any knowledge of those 
whose inhabitants keep from choice to depths beyond the 
propelling action of waves. Consequently the depths at 
which the inhabitants of shells may exist is unknown to 
us; and we feel assured that there may be numerous spe- 
cies, and perhaps some genera, with which we cannot ex- 
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pect in the ordinary course of things to become acquainted. 
It may, however, be inferred that great pressure, and other 
circumstances noticed above, would limit their existence to 
moderate depths. Conchological works are, in general, 
exceedingly deficient in information as to the depths at 
which various shells have been discovered with their ani- 
mals alive; a circumstance to be much regretted by geolo- 
gists!, as it deprives them, in a great measure, of the assist- 
ance they would otherwise derive from organic remains 
in estimating the probable depth at which a given fossilif- 
erous deposit may have been formed. Under these cir- 
cumstances my friend Mr. Broderip was kind enough at 
my request to construct the table placed at the end of this 
volume, which shows the situations and depths at which 
. the known genera of recent marine and estuary shells 
have been observed. 

It would appear that *all the molluscs enumerated in 
the table noticed above have been obtained at less depths 
than 100 fathoms. It does not follow that many species, 
even of the genera noticed, may not live at greater depths 
than 600 feet ; most probably they do so ; but it is remark- 
able that, as far as the evidence goes, all the molluscs 
known to us, with perhaps a few rare exceptions, have 
been found with living animals in them at less depths. 
The area within the line of 100 fathoms, extending round 
the British Islands,* presents a large extent of surface, in 
which the bottom is at depths much beyond those noticed 
in the list. There may, Aerefore, be within what are 
termed soundings round our own coasts numerous species 
as yet utterly unknown to us. The chances are necessa- 
rily few which could bring to light such species as may 
habitually live in the area comprised within the lines of 
60 fathoms and 100 fathoms. So long as the animals were 
alive, they could readily retain their places at such depths : 
for there can be no current or stream of tide possessing 
sufficient force to wash them onwards, and the action of 
the waves, if felt, must be very trifling. The pressure be- 
tween the two lines would vary from about 180 to about 
285 pounds upon the square inch, which we can easily sup* 

♦ See frontispiece. 
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pose not to be too great for a large amount of molluscous crea- 
tures, since fish are known to live beneath a much greater 
pressure. We should, however, not forget that molluscs, 
when their organs are arranged for a pressure equal to 
abgut 200 pounds on the square inch, would probably not 
feel disposed to ascend to higher comparative levels where 
it would be much less. 

We might conclude, a prioj'i^ that the same kinds of 
marine creatures are not likely to live generally under very 
different temperatures, or at different depths. Now this 
conclusion agrees with known facts^ and as it so closely 
corresponds with such facts, we may further infer that 
equal temperatures will not suffice for the existence of a 
given marine creature if there be great inequalities of 
depth-; that is, an animal living in shallow water in the 
colder regions of the globe is not likely to be discovered 
in water of equal temperature beneath considerable depths 
in the tropics. And, conversely, marine creatures existing 
at considerable depths in the tropics are not likely to be 
the inhabitants of shallow water in the colder regions of 
the earth. Thus, when we consider the distribution of mar- 
in(3 creatures over the globe, our views are not likely to be 
vitiated by the concealment, from great depths, of species 
known to us as inhabitants of shallow seas in temperate 
climates. 

As we observe that marine animal life is so much affect- 
ed by temperature, depth of water, and the dissemination of 
air, we might conclude that, at given depths in the sea and 
under similar latitudes, all other things being equal, we 
should find the same species. This is,- however, at va- 
riance with all our knowledge on the subject, which seems 
to point to a great difference in species, with a few excep- 
tions, under such conditions.* Assuming, therefore, that 
species are distinct creations, and not modifications of gen- 
era in consequence of time and plaoe, we come to the con- 
clusion that equal conditions do not afford like species, and 

* It was considered unnecessary to sketch the known geographical 
distribution of marine life, as ample information can be obtained 
by references to various works on the subject: and it is the less ne- 
cessary to the geological reader as Mr. Lyell nas treated this subject 
at considerable length in the second volume of his Principles of 
Geology. 
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that the latter haye been separately created as the places 
they inhabit were fitted for their existence. 

This non-agreement of marine species under equal cir- 
cumstances as regards temperature and depth of water, 
shows us how extremely cautious we should be, when 
Tiewing the subject with reference to the existing state of 
things, in concluding, a priori^ that rocks are of difierent 
ages because the same marine organic remains are not 
detected in them ; for if we are not to expect similar 
general collections of organic bodies under the condi- 
tions we should consider most favorable, we cannot an- 
ticipate that unfavorable circumstances will produce 
them. 

, When we turn from marine to terrestrial life, we still 
find that equal conditions as to climate and elevatiort in the 
atmosphere do not generally present us with like species, 
whether of animals or plants.* There is always a beauti- 
ful adaptation of both to the circumstances under which 
they are placed, but these circumstances do not necessaaily 
afford like species. There can be no doubt that many 
plants can adapt themselves to altered conditions, as is read- 
ily observed in our gardens ; and many aniipals accojnmo- 
date themselves to different climates, as is well seen in 
those removed from temperate regions to the tropics, or 
from the latter to the former. But when we view the sub- 
ject generally, and allow full importance to numerous ex- 
ceptions, terrestrial plants and animals seem intended to 
fill the situations they occupy as these were fitted for them. 
They appear created as the conditions arose, the latter 
not causing a modification in previously existing forms pro- 
ductive of new species. 

If the mass of vegetable and animal life were now such 
as it always has been, existing species when the surface of 
dry land underwent different changes, entering upon the 
area which had suffered alteration must . have come 
from other situations either under similar or different 

# ♦ We must refer, as before, to the various works which treat 
on the distribation of animal and vegetable life on the surface of 
. the globe for the evidence on this head. To have entered on the 
sabject in a volame of this kind would have too much increased its 
size. 
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conditions. Should they come from the latter, they would 
be capable of existing under different circumstances, and if 
from the former, the situations must have been contiguous, 
or the plants or animals must have passed over the spaces 
not fitted for them. 

We should expect if on« mass of animal and vegetable 
life supplied all the variations produced on the surface of 
the earth during the lapse of ages, that eventually there 
would be much uniformity in its distribution, and that fossil- 
iferous rocks of all ages would present, taken as a whole, 
considerable similarity in their organic contents. Now as 
we do not find either this uniformity in the distribution of 
actual animal and vegetable life over the surface of the 
globe, or in the organic contents of rocks, we seem com- 
pelled to conclude either that an original mass of animal 
and vegetable life has been enabled to suit itself to all the 
changes to which the surface of our planet has been sub- 
jected since such life was called into existence, or that 
there have been successive creations as new conditions 
have arisen, so that every place capable of sustaining life 
has been filled by that fitted for it. There are likely to be 
few, seeing the beautv of design manifest in creation and 
so apparent in animals and vegetables, who will not rather 
consider that there has been a succession of creations as new 
conditions arose, than that there should be an accommoda* 
ting property in organic existence which might ultimately 
convert a polypus into a man.* 

♦ It is by no means intended to deny that the forms of species 
may not be greatly modified by the circumstance under which they 
are placed, for we know that such is the case. Many molluscous, ani- 
mals of great importance to geologists, have been shown by Mr. 
Gray to alter the thickness of their shells according to the mere 
circumstance of beipg exposed to either agitated or still water. He 
states that " the shells Biiccinum undaium and B. ttriatum of Pen- 
nant have no other difference than that the one has been formed in 
rough water, and is consequently thick, solid, and heavv ; and the 
other in the still waters of harbors, where it becomes lignt, smooth, 
and often colored." (Phil. Trans. 1833, p. 784.) The same author 
also remarks that " shells which have branching or expanded var* 
ices, like the Murices^ are also much influenced by these circum- 
stances, and hence many mere varieties, arising from local causes, 
have been considered as distinct species. The Murex angvlifer is 
merely a Murex ramoms with simple varices; and Murex erinaeem^ 
M, UtrosuSj M, subcarinairis, M. cingrdiferuSj M, TareniiwM, andfc Jtfl 
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folygowus^ are all varieties of one species. Mwrex MageUanicus, 
when found in smooth water, is covered with large acute foliaceous 
expansions; but the same shell living in rough seas is without any- 
such expansions, and only cancellately ribbed. In such situations 
it seldom grows to a large size ; but when it does so, it becomes 
very solid, and loses almost all appearance of cancellation." (I^-) 
These and other modifications of shells, from the influence of the 
circumstances under which the animals have been placed, are 
of very great importance to geologists, as it is necessarily with 
the forms of fossil shells alone that they can become acquainted. 
And, as if still further to embarrass their judgement, it appears, 
though probablv instances of this kind are rare, that different 
animals may inhabit similar shells. Thus, according to Mr. Gray, 
" the shells of Patella and Lottia do not in the least differ m 
external form, and yet their animals belong to very different or- 
ders." 
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CHAPTER XII. 

If animal and vegetable life be so distributed over the 
superficies of our planet that equal conditions do not ne- 
cessarily afford the same species, it follows that the organic 
exuviae which may be entombed by rocks now forming, 
would not necessarily be the same even under the same 
parallels of latitude ; assuming, for the sake of the argu- 
ment, that the conditions as to climate, pressure of the air 
or water, and other circumstances, are similar under such 
parallels. The distribution of life, whether animal or veg- 
etable, being thus variable as regards species, no geologist 
expects to find a modern rock characterized by the same 
organic remains in distant places, except under very favora- 
ble circumstances. He would not be surprised should he 
not discover in rocks now forming on the shores of Great 
Britain and of India a single species which should be com- 
mon to both. Even when the same latitudes were con- 
cerned, he would not expect to meet w^^ only the same 
fossils in the modern rocks of the coasts of Africa and of 
America, or of the latter and Australia ; still less would he 
anticipate the discovery of only the same plants amd ani- 
mals in the lacustrine deposits now taking place in these 
countries, however similar the climate. 

When we regard the hydrography of the world, we 
are struck with the fringes, as it were, of soundings around 
continents. These, no doubt, are of very irregular extent, 
the outer verge, or the fall from about 150 or 200 fathoms 
into deep water, sometimes approaching the land, at otTiers 
receding from it, the differences being generally due to com- 
binations of various local circumstances. The general 
character, however, of these fringes, is remarkably simi- 
lar. They constitute plains, for the most part not much 
inclined, to the depth of between 600 or 1200 feet, where 
there is very frequently a more sudden plunge into much 
.deeper water. 
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Fig. 43. 

f e d c b i^ I 




Let, in the annexed wood-cut, (fig. 43.) I, 1 ; 2, 2 ; 3* 
3, represent parallels of latitude sufficiently distant from 
one another to produce considerable variations of tempera- 
ture, 1 1 a line of coast extending from north to south, and 
// the outer verge of soundings off the same coast, there 
being a sudden fall into deep v^rater gg. Let tJie lines a a\ 
hh\ c c\d d\ and e e\ represent lines of equal depths be- 
tween the shore and the verge of soundings. It is obviouss 
that af we consider the soundings to form an inclined plane 
from the shore to the verge, which may, for the sake of il- 
lustration, be supposed to run out to a depthof 150 fathoms, 
we should have a series of what may be termed zones of 
different depths, and, consequently, of different temperatures 
and pressures. We might infer that each of these zones 
would be inhabited by creatures which should on the 
whole differ from one another. 

Neighboring zones might contain some marine animals 
common to two or three, but the resemblance in this re- 
spect would become less the further the zones were reinov- 
ed from one another. Supposing the coast line to be N. 
and S. in the annexed figure (fig. 43.), we should then 
obtain greater pressure ^d a lower temperature at the 
bottom as we proceeded eastward. There would be anoth- 
er cattse of difference in the marine life of such an area 
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as the soundings here supposed. We have considered the 
lines ], 2, 3, as representing parallels of latitude suffi* 
ciently distant to prodttce differences of climate. We then 
have another series of zones crossing the others nearly at 
right angles, and also affording changes of marine life. 
We should not expect to find the same creatures between 
1 and 2, and 2 and 3. We thus obtain various areas, 
which not only differ from one another 'in east and west 
directions, but also from north to south ; and any accumu- 
lation of detrital or other matter, forming new rocks over 
the whole area r^resented, would entomb remains differ- 
ing from one another and yet be contemporaneous. We 
have also introduced in the above diagram (fig. 43.) anoth- 
er cause of change. The river A, discharging itself by a 
delta into the sea, would cause considerable modification in 
the life within the influence of the fresh water propelled 
outwards. The organic remains brought down by the 
river would produce a general modification in the zoologi- 
cal characters of the new-forming rocks, and there would 
be a mixture of fresh-water and marine creatures, and 
probably also of terrestrial animals and vegetables, over 
a given part of the soundings. 

We have assumed, for the sake of the argument, that 
thfe soundings constitute an inclined plane ; this would not * 
be strictly the case in nature, for, generally speaking, there 
are minor elevations and depressions forming banks and hol- 
lows, depending on local circumstances. We shal!, how- 
ever, continue to consider these beds of soundings, fring- 
ing the land, as inclined planes for the sake of more easy 
illustrations. Let a J, in the annexed diagram (fig. 44), 
represent the sea-level, c a coast, and e, e\ e", e'" a section 

Fig. 44. 
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of a mass of soundings, falling into deep water at d. At 
the various depths, i, k, /, there would be different temper- 
atures and pressures ; and, from what has been previously 
stated, the respective portions of the inclined plane of 
soundings, cut by the levels of depth, would be tenanted, 
viewing the subject generally, by different marine crea- 
tures. 

If, now, the whole body of land, soundings included, 
become gradually raised, so that the level i forms the sur- 
face of the sea, the creatures which lived formerly between 
the surface b and the level i could retreat to the portion 
of bottom situated between i and k, where they would be 
under the same circumstances as before. There would, 
however, be one result, which when viewed geologically, 
possesses considerable interest; the organic remains en- 
tombed by an accumulation of detrital or other matter on 
the surface comprised between e e" would no longer be 
the same, considering the subject generally, as they had 
previously been. A change will be effected. The exuviae, 
which in the supposed original state of things would be 
entombed in the surface e e\ would now be covered by 
others corresponding with those previously enveloped by 
new-forming rocks on the surface e e". The like would 
happen with the succeeding surface e" e'", whose existing 
inhabitants would seek lower depths. 

We have hitherto supposed minor elevations of the 
soundings ; let us now consider the effects produced by a 
more sudden and greater rise of the same solid matter. If 
the mass of soundings were raised at once about 100 or 
150 fathoms, so that the new level of the sea should cor- 
respond with the line m n (Fig. 44), not so suddenly as to 
cause great waves, but sufficiently quick to prevent the mi- 
gration of the molluscous ancl other inhabitants of the 
bottom, these creatures would necessarily be destroyed as 
far as regards the particular area. Those which were in- 
. capable of quick locomotion, as would be the case with 
many, would perish if the elevation were moderately grad- 
ual ; they would be unable to reach the new lines of depths 
and temperatures suited to them. 

Let the reader consider what would be the effect upon 
^larine animal life (at least that part of it which, unlike 
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the fish and some others, cannot readily change their pla- 
ces,) if the area of soundings round the British Ifelands, 
were so raised that the present line of 100 fathoms in depth 
constituted that of the new coast* To those unacquainted 
with geological phaenomena such a supposed phange of level 
may appear somewhat improbable ; but it is one which such 
phsenomena show us, in a manner not to be mistaken, has 
often occurred on the surface of the earth, and that so far 
from being great, it is comparatively small. To the geol- 
ogist such a change of level presents nothing remarkable ; 
the only question likely to arise is simply whether such 
changes may have been gradual or more or less sudden. 
In either case we should have changes in the condition of 
the marine life at present existing on the area. If the ele- 
vation were moderately sudden, so that the various crea- 
tures habitually living on or in the bottom of the sea 
should not have the power to escape as a whole, there 
would be an immense destruction of species, the greater 
part of those peculiar to the area probably perishing alto- 
gether. Numerous shallow basins containing sea-water 
would remain, and in these many creatures would continue 
to exist for some time longer. 

Those who have seen the tide leave the shore on shal- 
low coasts, and witnessed the rapidity with which large 
tracts of slightly inclined sands or mud become freed 
from water, pools here and there appearing, will readily 
conceive that a rise of bottom, producing as rapid a dis- 
appearance of water, would, entirely prevent the great 
mass of molluscous creatures, and even some fish, from 
escaping. Yet the disappearance of the water would be 
so gradual that the surface would no more be torn away, 
than is the case when the tide ebbs on shallow coasts. 
In all probability a nauch quicker disappearance of water 
might take place and yet the bottom remain firm. The 
rapid disappearance of water by an ebb-tide is, perhaps, 
less familiar to most persons than its quick flow on simi- 
lar coasts, because it is unattended by the same amount 
of danger. If, therefore, they measure the rapidity of the 
relative change of levels by that of the rise of flood-tidesi 

* For this area see the map forming the frontispiece^. 
' 14 
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on shallow shores, they would bc*ter perceive how difE- 
cult it would be for a large amount of marine creatures to 
quit their usual habitats and escape 4 for this xapidity is 
on some coasts so considerable that men have great diffi- 
culty in reaching the sbore, though conscious of the dan- 
ger, and in some situations it even requires the aid of a 
good horse to escape in sufficient time. Now it is impor- 
tant to remark, that the marine animals, being unprepar- 
ed for such a relative change of level, would ^scarcely be 
aWare of their danger until too late. Those habituated to 
great tidal changes would of course perish at once ; for 
when left by the water they would not feel uneasy, and 
therefore desirous of change of place, until the time whea 
the tide usually returned. 

It is evident that if a change of level took place in this 
part of the earth's surface, even accompanied by no great- 
er rapidity in the disappearance of the sea than that ob- 
servable in an ebb-tide, so that a new line of coast should 
correspond with*the present line of 100 fathoms in depth 
round the .British Island, there would be great destructioa 
of marine life, more particularly of such species as were 
peculiar to the area left dry, and not possessed of quick 
locomotive powers. Even if many escaped to the outer 
verge of the present line of soundings, the area, from the 
greater iSkeepness of the bottom (the descent into deep 
water being comparatively rapid), would be so narrow 
that, evensupposing all other circumstances fitted for their 
existence, very few, even of those capable of speedy flight, 
would eventually find places proper for them. 

Let us now consider another consequence of tliis change 
of level around the British Islands. In many situations 
shallow basins would exist into which some creatures 
might escape. These basins would, however, have beea 
previously tenanted by other marine animals, which, if the 
change of level were inconsiderable, would be capable' of 
living in these basins, at least for a time. If, however, they 
were creatures which required comparatively »deep water, 
they would probably perish, and the waters be inhabited by 
those which might have escaped from >higher levels. These 
^basins would not long exist under ^heir first conditions. 
The new surface of the elevated area wou^d ^come withia 
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the action of the atmosphere^ and be subjected 'to all the 
effects produced by such actioa. The rivers of a part of 
France, of all the British Islands, and of those parts of 
Germany, Russia, Sweden and Norway, the drainage of 
which now runs into the area under consideration, must 
proceed onwards until they reached the sea. They must 
iind their way through various parts of the new dry land. 
At first, from the difficulty of finding channels, there might 
be considerable spread of water and consequent loss by 
evaporation : but in a climate like that under which this 
.change would be effected, the accumulated waters would 
soon cut channels, and meander to the sea by various routes, 
each river according to the least resistances opposed to its 
progress. 

A difference of 600 feet in level over the area would no 
doubt tend to throw some of the waters of continental Eu^ 
rope backwards, supposing the rise somewhat local and to 
•fine off to different distances around it, and some of them 
would take other lines of drainage ; but much of the water 
would still flow westward, and the drainage of the area it- 
.self would not be inconsiderable. Many of the basins 
above noticed would receive rivers in their courses onwards 
to the sea, and we might expect from this constant influx 
of fresh water that the sea water would gradually become 
less saline, the waters mixing and the mixture passing off 
over the lower- drainage lip of the basin, for a drainage 
must take place when the mixed waters rose above the 
level of its sides. Many of these basins would become 
freshwater lakeg, and consequently would be ultimately 
tenanted by fre§h water anima:ls brought down by the 
rivers ; for this change of level would leave terrestrial 
and freshwater creatures in a great measuae unharmed. 
They might, indeed, shift their habitats to lower compara- 
tive levels, but destruction would not ensue ; they would 
be free to colonize the new dry land, and therefore their 
remains would be entombed in any deposits forming in the 
lakes, which, from all analogy^ we should jexpect to hap- 
pen. 

It is somewhat curious to consider the zoological char- 
acter of the beds of sand, silt^ or mud wjjjich would be leh 
Aty. Charts ol the acarious souodingj show .U3 itai W3 
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should have a surface of variable mineralogical character, 
but that it would be principally arenaceous. Now, as 
among marine creatures some perfer one kind of bottom, 
and some another, we should not only have zones of ma- 
rine life, if we may use the expression, corresponding in a 
general manner with those of equal pressures, tempe:ca- 
tures, and other circumstances, but such marine life would 
also differ, according to the nature pi the bottom in the 
zones themselves. We should thus have an area in which 
contemporaneous creatures were entombed, where the de- 
posits in one portion would differ in organic contents from 
those of another, in proportion to differences of depth, tem- 
perature and bottom. The lakes would eventually contain 
the exuviae of terrestrial, fluviatile and lacustrine life, both 
animal and vegetable, and we should have rocks charac- 
terized by such remains resting on others full of marine 
exuviae, with probably here and there some intermediate 
beds containing remains characteristic of brackish water, 
or of a mixture of creatures,, originally either marine or 
fresh water, which had been enabled to support the chang- 
es of the medium in which they occurred up to a certam 
point when the originally marine creatures gradually 
disappeared and gave place to the fluviatile and lacustrine 
animals. 

We have observed that the soundings around the British 
Islands are bounded on the side of the ocean by aline, 
where the great plain, as we may term it terminates some- 
what a bruptly, the line of 200 fathoms being at no great 
comparative distance beyond that of 100 fathoms. Now, 
if the change of level were such that the new coast line 
rose somewhat suddenly, even for a few feet above the 
ocean-level, the breakers would attack it, gradually re- 
moving the land, and producing cliffs, which, though not 
at first high, would become more so as the inroads of the 
sea increased. If, however, on the contrary, the new coast 
did not rise abruptly above the sea, but was low and bound- 
ed seaward by a zone of shallow water, the piling influ- 
ence of the sea would produce dunes, similar to those on 
the low shores of western Europe extending from France 
to Denmark, and to those which separate the flat district 
of the Landes from the Bay of Biscay. Behind &uch 
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dunes we shoi^ld have masses of pent-up waters, such as 
are commonly found in similar situations, and consequent- 
ly similar results as to the kind of animal and vegetable 
life entombed, and to the nature of the deposits formed. 
' It wijl be obvious that the less the amount of relative 
change of level produced at any one time in this area, the 
less would be the general amount of destructive effects 
caused by it; so that if the change be brought about by 
no greater exertion of force than that supposed to be now 
observable in the Gulf of Bothinia, there need be no de- 
struction oif species, the inhabitants of the shallow waters 
gradually retreating with the sea, so that there would be a 
general move of marine creatures seaward, each particu- 
lar species keeping the same relative positions as regards 
pressure of water, temperature, and other necessary cir- 
cumstances, as before. One remarkable geological effect 
would, however, in this case be produced, and will appear 
more clearly, if we suppose the retreat of the sea to have 
been thus gradual to the verge of the soundings, so that 
the line of 100 fathoms constitutes the coast. The whole 
of the surface would, to a very great extent, be covered by 
the remains of similar species, left on the bottom and en- 
veloped by the usual causes as the sea retreated, and such 
species would be littoral. The deposit would clearly not 
•be contemporaneous, but it would be characterized by sim- 
ilar organic remains. It would also be based on other de- 
posits formed in a similar way, but characterized by the 
presence, of organic remains differing from the former, be- 
cause they are theexuvisBot creatures which resided at 
greater depths ; they would, however, be similar as re- 
gards themselves. 

Fig^ 45. 
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Let a bt in the above section, (Fig. 45, and unfortunate-- 
ly we are compelled to make it exceedingly exaggerated 
on account of !he small size of the page) represent the 
level of the sea ; c.the land rising above it; and c,d,some sur- 
face of rock upon which detritus or other matter fbrming 
beds, has accumulated. Let us assume that, from th« or- 
dinary operations of nature, a deposit takes place beneath 
the sea on the surface c, d, and that this deposit constitutes 
a bed conformable to f, d, extending from 1, to and beyond 
d. The animals inhabiting the bottom, and ^\hqpe exuviae, 
from the death of the creatures or other causes, are discov- 
ered in such a state as to lead us to suppose they had not 
suflered transport, but were entombed in the sands or mud, 
in which they lived, would probably differ in a general 
manner, according to the depths of water above them. 
They would be suited to the various levels hh\ gg'^fff «c', 
and consequently the organic remains are not likely to be . 
precisely the same at the depth d, and near the coast c^ 
though entombed in a bed of contemporaneous production. 

If, now, the sea retire from 1 to 2, so gradually that the 
species are not destroyed, but as gradually change their 
places, retreating seaward, there would be a general move 
at the various depths in the endeavor of the animals to 
keep under conditions, as to pressure and other circumstan- 
ces, similar to those under which they lived prior to the rela- 
tive change of level. Consequently, the new surface from 2 
to 3 would be covered by creatures similar to those which 
previously existed on the surface from 1 to 2, now convert- 
ed into dry land.. Hence, the organic remains then entomb- 
ed from 2 to 3 would be similar to those previously imbed- 
ed from 1 to 2. The like would happen if the surface 
from 2 to 3 became dry land, the littoral creatures moving 
to another lower surface, and so on to the various depths. 
We may thus obtain the successive beds h, Z, w, which, 
thougl\ they present similar organic remains horizontally 
are not contemporaneous. Unfortunately the diagram 
(Fig. 45 )» is necessarily so exaggerated, in order to ren- 
der it at all intelligible, that the close approach of the 
beds to horizontality, and consequently the extremely sm^U 
angles at which the lines of equal depths would cut the 
consecutively formed beds, is not appaient, and may ic* 
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t^ixe some little trouble to conceive. When we consider 
the area zoologically, it will readily be admitted that it is 
variously inhabited aceording to temperature, depth of wa- 
ter^ and bottom, and that the influence of the two former 
tends to produce zones of different kinds of animal life. 
When; however, attention is called to the angle which the 
surface of the bottom of the area under con&ideration, 
viewed generally, forms wkk the h«rizon, there is great 
difficulty in showing those who couple ideas of vast depths 
with all seas, that this angle is as small as it really is. It 
probably does not amount to more than that which the 
flats, as they are termed, uncovered to a great extent by 
low water on certain coasts, make with the sea at the same- 
time ; if indeed it be so great. It is necessary to call atten- 
tion to this circumstance, otherwise it might be supposed 
that the beds noticed in the diagram would present sucb 
obvioti? changes in their zoological contents that no one 
could possibly avoid perceiving the difference of organic 
remains iu the contemporaneous deposits, and consequently^ 
not imagine that the sanie kind of exuvice was character- 
istic of only one deposit and one epoch. When, howev- 
er, the angles above noticed are taken into consideration, 
the readiness with which the two things may be c'onfo Ad-- 
ed will become apparent.* 

It will be obvious that if instead of the change of levels 
here supposed, and which should convert a large area into 
dry land, there had been a subsidence of the bottom of the 
same area to 'the amount of 100 fathoms, by which the 
previous line of 100 fathoms became covered by 200 fath- 
oms of sea, and so in proportion over the surface, we should 
have effects the reverse of those we have previously notic- 
ed. As we supposed the greatest elevation to be benea'th 
the British Islands,so we must now consider the greatest sub- 
sidenge to have been in the same place, the amount of de- 
pression becoming less as we receded from these islands 
as a centre. If the subsidence were gradual, there would 

♦. The author has purposely avoided all consideration of the area 
being part of the surfiice of a sphere or spheroid, and consequent- 
ly that the lines are curves and not straight, as it did not appear ne- 
cessary to the illustration of the subject under discussion, and 
wonld o«Jy tend to smu\ex it stiU noore obscure to the general r^eader. 
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appear no reason, from this cause alone, why any species 
should become extinct, as they would not be left dry, and 
could readily work their way up to the levels proper for 
them. A large portion of the British Islands would be 
submergfed, as would also be the case with a considerable 
part of Western Europe, even considering the depression 
not to fine off at a very small angle. Great physical 
changes would necessarily result, more particularly from 
the action of the waves and streams of tide among those 
parts of the British Islands which rose above the surface 
of the water in the form of numerous isles. There would 
be a tendency to equalize the depressions by the deposit of 
detritus, and consequently the remains of organic life, both 
animal and vegetable, would be entombed to a considerable 
extent. 

Numerous fluviatile, lacustrine, and estuary deposits 
would, under these circumstances, be covered by marine 
formations, gradually or suddenly, as the change of levels 
had been either slow or rapid ; in the first case we should 
often have transitions of one kind of life into the other, 
while in the latter the change from one deposit to the other 
would be somewhat abrupt* On the bottom of the previ- 
ouSy existing sea there would be a general move of ma- 
rine life towards the new lines of shoie. in orderto accom- 
modate itself to the new circumstances under which it 
should be placed, and thus the remains of animals habitu* 
ally living in the deeper water might cover those of crea- 
tures whose habitats were in minor depths, and which bad 
been deposited when the waters were generally less deep. 

Although marine species would not be affected by this 
change of level, it would be otherwise with terrestrial life, 
whether animal or vegetable, and in certain cases, with 
the inhabitants of fresh waters. As the sea rose relatively 
to the land, the lower lines of vegetation, if not washed 
off the surface and carried away by the action of the waves, 
tides and currents, would be imbedded to a certain extent 
in the rocks formed round the shores. A comparatively 
sudden rise of water would greatly destroy the lower 
zones of vegetation, though probably seeds would escape 
and be thrown on shore, so that eventually there would be 
much the same kind of vegetation round the smaller isles, 
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as at present exists in the lower parts of the British islands. 
As, however, these islands would be reduced throughout 
by 600 feet in height, we should anticipate some change 
in the vegetation 6f the higher regions, more particularly 
when we consider the alteration of climate which, to a 
certain extent, would ensue from differences in the relative 
amount of sea and land in Western Europe, and of the 
height of the land above the ocean-level. Terrestrial ani- 
mal life would also have to accommodate itself to the new 
circumstances under which it would be placed, and mucl^ 
of it would neces^ily be destroyed, though the species 
might not become locally extinct, at least not to any great 
extent. As great tracts of marsh occur at the lower levels, 
they would be the first covered by the sea, and their in- 
habitants must change their quarters to escape, not only 
from the inroad of the sea itself, but from the voracious 
creatures which such an inroad would bring with it. 
They would with difficulty find situations fitted for them, 
unless the relative change of level was so gradual that 
sufficient areas of marsh could be prepared for them in 
proper time, which considering the present rate of increase 
in such situations, would scarcely be piobable. At all 
events the area of dry land would be much diminished, 
and the same amount of animals could not find room in it : 
there would be considerable collision of speeies against 
species, abstracting man entirely from this imaginary con- 
dition of things, intended to illustrate geological events 
which occurred anterior to his existence on the earth. The 
weaker would give way, and thus some species might be 
exterminated so far as the islands were concerned. 

We have thus dwelt at considerable length on the con- 
aequences of relative changes in the levels of sea and land, 
to the amount and in the situation above noticed, because 
they are such as will assist us in explaining many geolog- 
ical phsenomena, particularly among the fossiliferous rocks. 
We there find changes in the zoological or botanical char- 
acters of deposits, sometimes abrupt, at others exceeding- 
ly gradual, with, very frequently nO trace of a wash of 
waters over the lower rock. There are no doubt many sit- 
uations where there has been considerable abrasion of a low- 
er fossilifexous rock before another fossiliferous rock was 
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deposited upon it, but the localities are exceedingly nti- 
roerous, where, notwithstanding a complete, or nearly- 
complete, change in the nature of the organic remains, 
there is nothing that marks aw abrasion of the lo>ver rock 
prior to the deposition of the beds which repose upon it. 

It is stated that certain species of shells are common to 
the shores of Western Europe and to the eastern coast of 
North America, from whence it would follow that deposits 
now forming on the opposite shores of parts of the two 
continents may contain some of the same species of shells. 
In this case contemporaneous deposits, iiough at consider- 
able distances, would afford some of the same organic re- 
mains. Such deposits are obviously not continoous : they 
merely form, as it were, a part of the fringe of soundings 
on the* shores of both continents : for the two coasts are 
separated by great depths of water, at the bottom of which 
the inhabitants of the shells in question could not exist. 
We learn by this fact that equal circumstances as to pres- 
sure of the surrounding water, temperature, liofht, food, 
and power of procuring air, may exist in two different lo- 
calities, and the eggs of marine animals being transported 
by natural causes from the one to the other, deposits in the 
progress of formation in such localities may, though not 
continuous, contain somewhat similar organic remains. 
The same effects would, under similar circumstances, more 
readily take place at minor distances ; and the less the dis- 
tance the greater the probability, under the equal con- 
ditions above noticed, that tfee zoological character of the 
two deposits would be alike. 

Fig. 46. 



e d f 

Let a and b (fiig. 46r) be two opposite coasts under equal or 
nearly equal climates, and e, / two rocks, or accumulations 
of sand, silt, or mud, now increasing under similar condi* 
tionS, and enveloping, the remains of molluscs living ia 
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and upon their surfaces. Now if the eggs of molluscs 
can be transported across the sea, c, from the one shore to 
the other, there will he a tendency to equalize the relative 
kinds of creatures- in each mass of new-forming rocks, e, /, 
in proportion to the proximity of the two coasts a, bf all 
other things being equal. The deep water d presents a 
barrier, not only to the progress of the molluscs by the- 
bottom of the sea, but to the transport of the detritus itself, 
and therefore -we have deposits evidently of the same age 
characterized by similar organic remains, without ever 
having been continuous ; a circumstance which should be 
borne in mind when we assmne the former continuity of 
rocks solely because their zoological and botanical charac- 
ters are similar. 

We have already shown that under the supposition of a 
rise of the bottom of the sea round the British Islands, to 
no greater amount than GOQ feet, we might have deposits, 
if the relative change of level were gradual, formed at dif- 
ferent times and characterized by the presence of similar 
organic contents. We will now view the subject in a dif- 
ferent manner. If two coasts were situated relatively to 
each other as represented above, and under the same con- 
ditions, {^g. 46.) and the one were subjected to oscillations, 
irising or falling beneath the genera! ocean-level, while the 
other remained firm, we should obtain a series of results 
in the one case different from those in the other. While 
the one contained exuviae characteristic of a marine deposit, 
there might be great variety, not only in the kind of life 
entombed in the other, but also in the mineralogical struct- 
ure of the rocks formed at the same time. It might also 
happen that a destruction of species took place in the one 
situation, while they continued to exist as usual in the oth- 
er. Hence we should have little or no resemblance in the 
organic contents of contemporaneous ro^ks, though if 
there had not been these oscillations in the one situation, 
while the other remained firm, the conditions as to temper- 
ature, pressure of water, light, food, and the power of pro- 
curing air, would have been such, that the organic re- 
mains would have been, to a certain degree, similar i» 
both. 
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CHAPTER XIII. 

We have hitherto considered marine animal life with 
reference to creatures living in particular depths of water, 
and which, when we regard those of the ocean, are com- 
paratively shallow. The surface of the deep ocean teems 
with animal life, and is probably not less well proportion- 
ably tenanted down to depths where, from the want of the 
necessary conditions, it ceases to exist. Fish, crustacea^ 
and molluscous creatures occur in the open ocean, and no 
doubt afford by their mutual destruction abundance of food 
to each other. To remain at ease, these various creatures 
must be in a state of equilibrium as regards the water 
which surrounds them. Most of them, if not all, have 
probably the power of altering their specific gravities to a 
► certain extent, by which they are enabled to rise and de- 
scend to and from given levels. Nothing is more curious 
than to see the ocean in a calm suddenly covered with ma- 
rine life of various kinds which must have risen from be- 
neath the surface, where it remained until the circumstan- 
ces previously noticed werje suited to its presence. All 
these creatures have no doubt limits to their powers of ei- 
ther increasing or decreasing their specific gravities, so 
that we may readily conceive a stratum of water, if we 
may use the expression, of a given thickness from the sur- 
face of the ocean downwards, replete with animal life, the 
amount of life in the stratum itself, viewed on the large 
scale^ decreasing with the depth, or in other words, as the 
various conditions for its existence become unfavorable. 

What the actual depth may be beneath which animal 
life does not exist in the ocean^ we have yet no good data 
for ascertaining ; but that there must be such a limit, to at 
least any kind of life analogous to that with which we are 
acquainted, there can be little doubt. Now though this 
life may be, and probably is^ principally supported by a 
B^stem of universal voracity, one creature devouring ah- 
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other, every creature being moreover provided with the 
best means of obtaining its prey, we can scarcely conceive 
this kind of reciprocal and universal banquet so complete 
that some creatures may not 'here and there escape and 
die natural deaths. When a creature did come to its end 
naturally, the chances of its not being devoured would still 
be small, for at the time of its death it either was or was 
not in equilibrium as to the sourrounding aqueous medi- 
um. If it were at a depth which it required the power of 
muscular exertion to retain, death would terminate this 
power, and the creature would rise or fall as the case 
might be, like any inorganic body, and arrange itself ac- 
cording to its relative specific gravity. It would only de- 
8:!end to the bcttom of the ocean if it were specifically 
heavier than the waters of the sea. 

• Now thmjgh numerous creatures living in the open 
ocean contain parts of much greater specific gravity than 
sea-water, their bodies, including fleshy matter, are, taken 
as a whole, generally of the same density as sea- waters at 
moderate depths. Indeed this seems almost a necessary 
condition for their habits. When a marine creature dies, 
therefore, it would probably remain suspended in the water 
at levels not very different from that in whirh it parted 
with life, unless the gaseous contents of air-bladders ex- 
panded considerably from the want of muscular compres- 
sion. Decomposition of the fleshy matter would^ among 
other things, produce gaseous compounds, and hence the 
relative specific gravity of the body being diminished it 
would rise towards the surface. We are, however, not to 
suppose that the marine scavengers, of which there appear 
to be many, would be idle; and there is little probability 
that the body would long remain undevoured even in its 
putrid condition. Upon the kind of creatures by which 
the body may be devoured, would depend the chance of 
its solid parts, particularly an entire part like a whole 
shell, descending to the bottom. If, for example, the body 
of a Nautilus were consumed by minute crustacean, it would 
sink as the matter which rendered the dead creature a« 
light as the surrounding water passed into the animals 
feeding upon it. Finally the shell of the Nautilus would 
descend to the bottom, for in all probability no part of the 
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"waters ^f the ocean is likely to possess a density of '2-64, 
which would be about that of a Nautilus, judging at least 
from the specific gravity of N.umhilicaius* Should the dead 
Nautilus be crushed by the jaws or palates of a large fish, 
the .only chance of the descent of parts of the shell to the 
bottom would be after it had passed through the animal. 

Altogether, we should expect any solid matter, such as 
jshells or their parts, deposited at the bottom of the deep 
ocean, to be differently circumstanced from those occurring" 
in or on the bottoms of more shallow seas. In the latter 
•case multitudes of thin delicate shells may readily be found 
entire, <nore particularly in the mud and sands, which for 
the mo^ part constitute their retreats. When a thin-shell- 
ed mollusc dies in sand or mud, its body is already en- 
tombed, and the forms of the shells are such as successful- 
ly to resist moderate pressure for sometime, during which 
there may be an infiltration of foreign matter, producing 
an equal if not greater power of resistance than was af- 
forded by ihe original fleshy body of the mollusc. 

When we attentively study the mode in which animal 
organic remains occur, w^ perceive that, though there are 
very considerable differences in the amount of their preserv- 
ation, a very large proportion of them must have been en- 
tombed uninjured, and many alive, ©r,"if not alive, at least 
before decomposition ensued. Skeletons of Ichthyosauri 
and Plesiosauri are sometimes found in the lias, with their 
various parts so connected, (traces of skin being even ob- 
servable, and the remains of indigested food still between 
their ribs, and where the^stomach must have existed,) that 
we can entertain little doubt they have been entombed with 
their flesh upon them in the «iud, frequently calcareous, 
from which the lias originated. .Shells are often distributed 
«fi a bed in groups precisely as they would be at the bot- 
itom of the sea, and with their parts so perfect that they ap- 
jpear merely covered up by matter which has accumulated 
upon them. At other times whole beds are composed of 
[broken shells, showing that they ha*ve been exposed to 
sufficient violence to crush them, before they were accu* 
mulated in strata. The arming .of the souoding-lead so 

* See the tgaecific gravities of seyeral shdls, p. 74. 
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frequently brings up little masses of broken shells from the 
bottom^ that there can be little doubt that beds of broken 
shells exist there, and only require to be covered with 
sand, mud, or calcareous matter^ and then elevated above 
•the level of the sea, to afford us strata placed similarly to 
those we see iq many rocks. 

We may fairly infer that the great mass of organic re- 
mains, like the accumulations of detritus among which 
such remains occur, was accumulated in moderate depths 
around coasts, and either on or around shoals at no very 
considerable depth beneath the surface of the sea. The 
chance of finding the greater part of Saurian and other re- 
mains of that class, and of terrestrial creatures near the 
land, IS obvious. The latter creatures would have, as has 
elsewhere been observed,* but a poor chance of escape in 
a sea amid voracious animals, all, great and small, ready 
to devour Jjhem. The greater part of fossil Saurians may 
be inferred from their structure to have lived near, or par- 
tially on land. How far the Ichthyosaurus may have 
been enabled to keep the open sea, we know not, but its 
structure seems as well adapted for the purpose as that 
of. a porpess. . ' 

We refer beds t© a freshwater, estuary, or marine ori- 
gin according to the organic remains found in them, and 
which we may consider analogous to forms now discover- 
ed either in rivers, lakes, estuaries, or the sea, or introdu- 
ced into them from the land. This of course assumes that 
^particular forms have been constant from the earliest exist- 
ence of animal and vegetable life, either to the waters of 
4hese respective situations or to the lai>d, and ^t the forms 
of vegetables or animals of which there are no living ana- 
logues are such, as to warrant our classifying them correct- 
ly either as marine, freshwater, or terrestrial. Generally 
speaking, the inferences which have been made as to the 
probable former habitats of the vegetables and animals, the 
remains of which are entombed in various rocks, seem so 
well grounded on^analogy, that we bltb little disposed to 
doubt |heip. All the great and leading facts of this kind 
have probably been fairly explained, jet a little cautioa 

* jGLeological Manual, p« 346. 



Digitized 



by Google 



224 FRESH WATER gPRINOS IN THE SfTA. 

seems necessary in minor points. Should, for instance, a 
Valuta or an Area be detected among the organic contents 
of a rock, it would at once be considered as marine, be- 
cause both genera are generally known to us as marine, 
and probably in most cases the inference would be correct ; 
there is, however, a chance of error in both instances, for 
Voluta magnifica is known to live high up in the brackish 
waters near Fort Jackson in Australia,* and an Area in- 
habits the freshwater of the Jumna, near Hamirpur, 1000 
miles from the sea. f Perhaps if both these shells were 
examined attentively, some modification of form would be 
observed : such attentive examination of the form in a fos- 
sil is, however, not always given, nor does it appear very 
clear, a 'priori^ what kind of modification we should expect 
to find. 

The circumstances which might compel an animal to 
live under conditions not common to the particular genus 
or species to which it may belong, should also be well 
weighed. Mr. G. B. Sowerby informs me thai an Asiarh • 
and a Cardita, (neither of which is yet named,) two genera 
commonly considered marine, were found in pools in the 
ice near Melville Island, therefore in waters, if not fresh, 
not very saline. It was remarkable that the umbones of 
these shells were worn, as is very commonlyj^the case with 
those of freshwater molluscs. 1 am indebted also to the 
same experienced conchologist for the fact ihdX Anodon 
anatinus, a common freshwater creature, lives abundantly 
in the West India Docks, London, and consequently in at 
least brackish water. That it thrives and breeds there is 
also ascertained, and one individual was found covered 
with thousands of its eggs, showing that it flourished as 
much in the Docks as in pure fresB water. The same 
mollusc is also found in the Commercial Docks, where it 
is accompanied by Mytilus polymorphus, a Danube and 
Volga shell, brought perhaps originally on the bottom of 
some vessel from the Black Sea. 

* From the information of Mr. G. B. Sowerby. 

i Gleanings of Science, vol. i. p. 265, Calcutta, 1829. Also from 
the information of Mr. G. B. Sowerby, who likewise states that a 
^uQiia js discovered in the Ganges at Banda. 
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Dr. MacCulloch instituted a series of experiments, 
which enabled him to prove that ** the turbot, sole, plaice, 
mullet, smelt, atherine, horse-mackarel, pollock, loach, 
basse, rock-fish, whiting-pout, rockling, prawn, crab, and 
stickleback, may be habituated without difficulty to fresh 
water ; while all those which have hitherto had time 
enough, have bred and propagated."* The same author 
calls attention to other circumstances of a similar kind, 
such as, that the cod lives from choice in a freshwater lake 
in Shetlatid, and that the herring has been discovered as a 
constant inhabitant of another body of fresh water. That 
freshwater fish, pike and Cyprini, live from choice in the 
salt waters of the Caspian, while the waters of the Volga 
are open to them, has been long known. The fact also 
that salmon and other fi&h of the like habits can readily 
support changes from salt to fresh water, and vice versa, 
has often been noticed. • Ic would appear from the experi- 
ments hitherto tried to cause marine creatures to live in 
fresh water, and freshwater animals in sea-water, that if 
they be suddenly taken out of one kind of water and plunged 
into the other, they die ; while if the water be carefully and 
slowly altered from one condition to the other, many crea- 
tures support the change. When freshwater lakes behind 
shingle or sand-beaches, thrown up by the sea, are made 
to communicate suddenly with the sea either by natural or 
by artificial means, the sea-water, from its greater specific 
gravity, rushes as a body to the bottom of the lakes, and 
destroys the freshwater fish that it may meet with. A few 
remarkable instances of this kind have been observed on 
our own coasts. Had the changes been efTected gradually, 
yery few of the freshwater creatures would probably have 
perished. 

There is also another circumstance to which attention 
should be paid. Many freshwater springs exist in the sea, 
and will be more or less copious according to circumstan- 
ces. Several of these springs have been long known, and 
that in the Gulf of La Spezia, which discharges a very 
considerable quantity of water per second, has been cele- 
brated since the days of Pliny. It rises with considerable 

• System of Geology, vol. L p. 330. 1831. 
15 
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force, so as to produce a slight convexity on the surface of 
the sea, and its waters are probably derived from a system 
of cavernous passages in the neighboring limestone rocks. 
There must be many similar springs in various parts of 
the world which remain unknown, because the fresh water 
does not rise with sufficient force to the surface. There 
must also be thermal springs as well beneath the sea as on 
<iry land, for the forces which cause their discharge seem 
sufficiently powerful to overcome the pressure of the sea. 
Moreover, if fresh water occur anywhere beneath the wa- 
ters of the ocean, it will tend to rise from its inferior spe- 
cific gravity without taking into account its temperature, 
which, supposing the springs thermal, would also cause 
their waters to rise. We should expect that such springs 
would produce an effect on the kind of life within their in- 
fluence. The following fact may perhaps be taken in il- 
lustration of such an effect, though part of the evidence is 
not so clear as could be wished. Freeh water rises through 
the sea, from springs in the bottom beneath, on a part of 
the coast of Java, not far from Batavia. Now, it appears 
that Cyrena zeylanica, considered a freshwater shell, is 
obtained in great numbers in the sea near the same coast, 
and it is deserving of remark that the umbones of these 
shells are worn precisely as they so commonly are in those 
inhabiting fresh water.* It was not directly proved that 
the water was fresh, or nearly so, where these shells were 
•obtained ; but the inference is highly probable that they 
lived amid freshwater springs. How far some individuals 
might be enabled, first to live in brackish water, and finally 
in that of the sea, so that there should eventually be two 
races descending from the same stock, one marine, the 
other freshwater, is a separate question ; but from what has 
Ibeen above stated respecting similar changes, such an 
adaptation to circumstances is far from impossible. 

To obtain uniformity of organic life over the face of the 
^lobe, the conditions for its existence should be similar, or 
«iearly so. Consequently, when we suppose that given 

« From the information of Mr. G. 6. Sowerby, who learned the 
&ct from Mr. fiardj^ of the Madras establishment. 
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rocks are characterized by similar organic xejoaains, we 
also infer similar general conditions of matter, whethjer 
serial, terrestrial, or aqueouj^, over the area where such 
rock was formed, and in which the animals and vegetable 
life is at present exceedingly variable, even under similar 
conditions as to climate and other necessary circumstances^ 
so that actual contemporaneous and fossiliferous deposits 
in various parts of the earth* s surface, would not contain 
similar organic remains. 

We have next to consider what conditions, if any, could 
produce greater uniformity in this respect. Upon the sup- 
position that our planet is a mass of matter which has 
gradually become more cool from the radiation of its orig- 
inal heat, we should first have climates in a great mea- 
sure independent of solar heat, though not of solar 
light. When the surfacei of the earth had become suffi- 
ciently cool to permit the existence of animal ^nd vegeta** 
ble life, we should also infer, from the structure of that now 
existing on our globe, the existence of water in its liquid 
3tate* 

From all analogy, we should not suppose that water at 
high temperatures could support animal or vegetable life, 
but that its heat must be at least moderate^ JNTow the dis - 
.tribution of a thermal ocean over various parts of this 
^lobe would have great influence on climate, and there would 
ibe a great tendency to equalize the temperatures from this 
cause alone. The moist condition of the atmosphere, as 
it .would be probably loaded with aqueous vapor upder 
.such conditions, would have little influence on marine life, 
except as regards light ; but it would be otherwise with 
terrestrial life, which would necessarily be much affected 
by it. One principal effect from the nearly uniform tern* 
peraturo of the atmosphere at .equal heights around opr 
planet, might be great comparative stillness compared with 
Its present stale.. The equatorial and polar regions being 
at equal, or nearly equal temperatures, the great cause of 
.the present system of winds would be wanting. In fact, 
.all those atmospheric phaenomena at present due tp the 
heat of the sun would scarcely be observable, and would 
ronly beconjie apparent as the radiation pf beat from the 
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earth threw the atmosphere, as it were under solar in- 
fluence. 

Under th6 conditions here supposed, the waters of the 
ocean would, however, obey the laws by which they are 
governed, and would arrange themselves according to 
their relative specific gravities, and consequently, according 
to their relative temperatures. Under the above circumstan- 
ces there would necessarily be great uniformity of temper- 
ature, the oiily variations of importance arising from dif- 
ference of depth, the cooler water being lowest ; for we 
may readily take the temperature of the waters to be above 
40o under these conditions. There might be differences 
in marine life arising from differences of depth, but we 
should have a state of things highly favorable to horizontal 
uniformity. As, however, the heat of the earth's surface 
gradually became less, these conditions must necessarily 
have altered, until those we now witness finally obtainedf. 
If we admit great heat within our planet, which has, du- 
ring a lapse of time, (difficult, from our limited ideas on 
such subjects, to conceive,) gradually by its decrease per- 
mitted the surface to assume its present state, and conse- 
quently allowed the sun to exercise its present influence, 
we obtain a series of conditions, the lowest term of which 
is highly favorable to uniformity in the distribution of ani- 
mal and vegetable life over the face of the globe, as far as 
regards the circumstances we have mentioned, while the 
highest term is not thus favorable, the intermediate terms 
presenting conditions resembling the two extremes in pro- 
portion as they respectively approached or receded from 
them. To what extent uniformity in this respect has pre- 
vailed, admitting the theory of central heat, is another 
question, and its solution will be best sought through the 
medium of facts : but a priori^ we may be led from the 
analogy of actual animal and vegetable life to suspect, that 
as similar conditions do not necessarily now afford similar 
kindB of life, prior states of the surface may also have 
presented like variations. We should, however, still ex- 
pect to have far greater uniformity formerly than at pre- 
sent, in as much as the chances of such uniformity would 
be far greater in the one case than in the other. 
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Organic remains are presented to us under various kinds 
and degrees of mineralization* Some have suflfered little 
alteration, while others show a substitution of one sub- 
stance for another ; so that, in fact, we have no part of the 
original body, but a mineral substance of exactly the same 
form. There can be little doubt that these various states 
are due to the conditions under which the organic bodies 
have been placed since they were entombed in rocks, both 
as regards time and situation. 

Shells, whether terrestrial, freshwater or marine, are 
composed of carbonate of lime mixed with animal matter, 
those species in which the latter is in considerable quanti- 
ty not being numerous. The solid parts of Crustacea con- 
sist of carbonate of lime, a small portion of phosphate of 
lime, and animal matter. The bones of fish are formed 
of several earthy salts and animal matter, the latter greatly 
predominating in those termed cartilaginous. The bones 
of mamraiferous creatures chiefly consist of phosphate of 
lime, animal matter, and carbonate of lime ; other substan- 
ces, such as phosphate of magnesia, fluate of lime, muriate 
of soda, <fcc. being in comparatively small proportions. 
The enamel of teeth contains comparatively a much larger 
proportion of phosphate of lime and a less amount of car- 
bonate of lime than bone. As these bodies aie not equally 
constituted, we should not expect that if placed under equal 
condition's where there was a tendency of any given sub- 
stance or substances to act upon them, they would retain 
their original component parts equally. If, for instance, 
all these bodies were placed in a siliceous sandstone, and 
water percolating through the rock were so charged with 
carbonic acid that it took up carbonate of lime in its pas- 
sage and carried it awav in solution, we might have the 
shells entirely dissolved, leaving only their casts, while the 
bones an4 more particularly the enamel of teeth, would 
suffer comparatively little destruction. 

The extent to which matter in solution percolates through 
rocks has already been noticed, but it is nowhere made 
more apparent than in the various conditions of organic 
remains. We frequently find forms of shells which, from 
all analogy, we may fairly consider to have once been 
composed of carbonate of lime, now composed of silica and 



Digitized by VjOOQIC 



230 MINERALIZATION OF ORGANIC REtfAI^IS: 

salphuret of iron. We cannot for a moment suppose tfiat 
the animals which produced these forms secreted sulpha-- 
ret of iron, or nothing btit silica, as molluscs now do car- 
bonate of lime. We therefore infer that there has been a: 
substitution of silica or sulphuret of iron for carbonate of 
lime, which we consider to have been the matter of the orig- 
inal shell. We next inquire in what situations we find a sub- 
stitution df either of these substances for the original car- 
bonate of lime ; and we find that silica is most frequently- 
substituted in siliceous rocks, and sulphuret of iron where 
iron pyrites are much disseminated. We thus arrive at 
something like cause and effect. It would follow that the 
greater the porosity of the rock, all other things bemg 
equal, the greater the probability of change ; and, con- 
versely, the more impervious the rock to the percolation of 
water, the less the probability of alteration in organic re- 
mains. We should therefore expect that organic remains 
in poTous siliceous sandstones would be liable to greater 
change than in stiff clays ; as we find to be the fact. 

Various other circumstances must necessarily be tak-en- 
into account. Time is an essential element, and one that 
cannot be neglected ; effects that cannot be appreciable in 
short periods, become considerable after the lapse of 
ages. Hence, all other things being equal, we should an- 
ticipate that the greatest amount of change, if such be produ- 
ced, would be exhibited in the oldest fossiliferous deposits. 
Again, the conditions under which a given deposit may ex- 
ist, may differ from different states of the earth's surface in 
the area where it occurs ; it may be covered by one kind 
of rock at one time, and by another at another, the former 
having been removed by various denuding causes. Any 
districts where newer rocks have covered older deposits, 
and the whole has subsequently been so acted on that por- 
tions only of the newer remain here and there on the older 
rocks, will show the effects that may be thus produced. 
Let us, for instance, take the lias orinferior oolite of part of 
Dorsetshire. These rocks have subsequently to their formaf- 
tion been covered by large overlapping masses of green 
Sand, chalk, plastic clay, and perhaps many other supra- 
cretaceous deposits. A large proportion of these overlap- 
ping rocks is now swept away, and the lias and inferior 
oolite exposed over comparatively considerable areas. 
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It will be evident that water percolating to the inferior 
oolite or the lias, under the different conditions above no- 
ticed, may be charged with different substances in solution, 
and the effects be modified accordingly. At the present 
day, the effects may be different at those places where wa- 
ter percolates through the superincumbent chalk and green 
sand still left on the tops of high hills, from those where 
the rain-water falls immediately on the inferior oolite or 
lias. The lias might at first sight be considered as offer- 
ing great resistance to the percolation of water ; and so it 
and all other similarly constituted rocks do offer resistance ; 
but that water permeates among them, though not so rap- 
idly as in more porous rocks, is certain, and the amount of 
that substance disseminated is considerable, as may be 
readily ascertained by weighing a piece of lias marl when 
first taken from the rock, (at some depth), and again weigh- 
ing it after the moisture has been expelled by heat, — ^at 
least in a great measure expelled, for to effect this com- 
pletely is difficult. 

, The constant solution of matter by the percolation of 
water through rocks is proved by the chemical composi- 
tion of spring-water, evidently thus derived, which no one 
would consider free from foreign matter, and certainly no 
chemist would employ as pure water. Organic remains, 
like the other component parts of a rock, are exposed to 
this action of water, which will produce greater or less ef- 
fects according to circumstances. A priori, we should anti- 
cipate that shells imbedded in lime-stonle rocks would suffer 
the least apparent change, as they are surrounded by a sub- 
stance similar to that of which they are composed ; and 
that if the original carbonate of lime be removed by the 
percolation of water, the hollow or mould would be again 
filled wiih carbonate of lime, more or less crystalline ac- 
cording to the time required to complete the infiltration- 
Now this seems to be actually the case in nature. 

It is generally considered that sulphuret of iron is a sub- 
stance insoluble in water, and hence that the organic re- 
mains frequently composed of it in marls and clays have 
suffered a chemical change othetwise than by infiltration. 
There is much difficulty in considering this view correct^ 
particularly when we regard the manner in which the sul- 
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phuret of iron fills up the moulds or carities left fVom the 
removal of the shell by solution. All the appearance* 
seem so closely analogous to those of the infiltration of 
silica, which no one seems to doubt, that there is consider- 
able difficulty in believing that the cavities left by the shell 
have not been filled in both cases by the infiltration of wa- 
ter containing the matter in solution now deposited in the 
cavity. It by no means follows because sulphuret of iron 
may not appear soluble when experimented on in our lab- 
oratories, that it really is not so in such small quantities as 
to be appreciable only after a great lapse of time ; or that 
conditions may not exist in natural processes favorable to 
such a solution which are either not attainable or have not 
hitherto been employed in those which are artificial. 

In some fossils, portions are composed of one substance 
and portions of another. In ammonites, for instance, we 
sometimes find the walls of the cells formed of sulphuret 
of iron, while the cells themselves are filled with carbon- 
ate or sulphate of lime. , The question then arises as to 
which of the substances first occupied their present rc- 
pective places, and is one often very difficult to answer, 
because we are not certain how many changes may hare 
been produced. It would, however, appear certain in such 
cases as these, where a part corresponding exactly with a 
previous organic form is re-placed by one substance only, 
that there had not at one time been a complete cavity in 
the rock corresponding to the volume and form of the 
whole ammonite, but as the cells were in all probability 
originally hollow, they were first filled and that the origin- 
al walls of the chambers were afterwards removed and 
replaced by sulphuret of iron. This view is borne out by 
the appearances observed when the original wall of the 
cells remains little changed, and the cells are only partial- 
ly filled up, the cavity being lined with crystals, common- 
ly of carbonate of lime, resting against the walls of the 
chamber ; it appearing requisite that the chambers should 
be filled by some foreign matter before any substance can 
replace the walls exactly. We have often had occasion to 
observe, when these chambers were only partially filled 
and were broken into, the whole being in place in the 
rock, that they contained water ; a condition highly kvora* 
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ble to the development of that crystalluiation which we ot^ 
ten observe in them. 

There is another kind of mixed matter in organic re* 
hiains which shows a change in the natare of the infiltra- 
tion into the same cavity, in the manner of some agates : 
it is one, however, by no means very common. After the 
carbonate of lime of the shell has been removed, and an 
exact mould of it left, infiltration of matter has taken place 
and lined, if not entirely, at least to a considerable extent, 
the outer sides of the cavity. A change has then been ef- 
fected in the matter infiltrated, and a new substance fill» 
the interior of the cavity. This is well illustrated by some 
of the gryphites found in calcareo-siliceous rocks at St. 
Hospice, near Nice, the outer and thinner parts of the 
shell being replaced by a chalcedonic substance and the 
interior of the thick parts by crystallized carbonate of 
lime.* 

We generally find that the phosphate of lime contained in 
bones retains its place with considerable tenacity, even*in 
rocks of very great antiquity, precisely as we should ex- 
pect, since phosphate of lime is so little soluble. Conse* 
quently we rarely find bones completely replaced by silica, 
crystallized carbonate of lime, sulphuret of iron, or suU 
I^ate of lime, substances which so commonly replace 
shells* All these substances occasionally enter into the 
structure of the bone, replacing the animal matter, but the 
phosphate of lime remains. We thus sometimes see fossil 
bones strongly impregnated with silica and sulphuret of 
iron according to the different conditions under which they 
have been placed. The latter frequently enters into the 
composition of bones imbedded in clays, more particular* 
ly when sulphuret of iron is common in the rock. Sauri-^ 
an remains under such circumstances often contain a large 
quantity of iron pyrites, but the structure of the bone is 
not destroyed, the sulphuret of iron having only replaced 
the more soluble matter of the bone. 

In some rocks, cavities once occupied by shells are com- 

• It might be supposed there wowld be a difficalty in the infiltra- 
tion of carbonate of lime under such circumstances, but similar 
facts, though rare, are observable in agates, which seem to require 
the same explanalioo. 
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mon, and we have only what are termed casts* These 
cavities occur both in calcareous and siliceous rocks, and 
also in certain argillaceous slates, but they are rare among 
clays= and marls of the more modern fossiliferous rock»< 
They may perhaps be considered most frequent among sil- 
iceous rocks. Mr. Conybeare long since noticed some 
singular effects, resulting from the disappearance of the 
matter of the shell, in the chert of th'e g?een sand near 
Lyme Regis. t The shells, prior to their being en- 
tombed in the rock, were pierced in various directions by 
parasitical creatures in the manner so frequently observa- 
ble in the common oyster. After, therefore,-the shells 
were imbedded, and when . the silica arranged itself in the 
shape of chert beds, it infiltrated into all the little cavities 
formed by the parasitical creatures, so that the carbonate 
of lime of the shells being eventually removed, the radiat- 
ed and other forms of these little passages and chambers 
appeared like stars and fine filaments of silica in the prin- 
cipal cavity once occupied by the shell. Such appear- 
ances are not uncommon particularly in chert. 

Of all the substances which have either replaced or cov-- 
ered up organic matter, silica affords us the most beautiful 
and instructive results. It has insinuated itself into all 
the little pores, and we thus see vegetable and sometimes 
animal structure in a manner scarcely attainable by any 
other means. Some of the fos&il vegetables from Antigua 
are particularly remarkable in this respect. There are 
specimens where the silica has protected the fronds of 
palms, or something analogous to them, in their unexpand- 
ed state, from decomposition after it had commenced. Now 
as these plants from Antigua are of kinds rndicative of a 
warm climate, this infiltration of silica arresting decom- 
position must have been rapid, and the plant must have 

♦ These cavities which are more properly moulds, for the most 
part represent the external parts so accurately that very elegant 
casts may be obtained from them. The substances that can be em- 
ployed are necessarily various, but very beautiful casts may be ta- 
ken with little trouble in wax. When we consider the facility with 
which such casts may be obtained, it appears somewhat singular 
that oar collections do not contain more of them, particularly as 
they would often be important. 

t Geological Transactions, 1st series. 
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passed very (juickly from the conditions under which it 
grew, to those where it received at least its first protecting 
coat of silica.* 

A rapid infiltration of silica would also seem necessary 
for the preservation of those alcyonic bodies found in the 
flint and chert of the cretaceous series. The structure of 
these bodies is ill fitted to resist pressure, and the state of 
their preservation is conamonJy such as to justify us in sup- 
posing that they have never been exposed to it, at least un- 
til mineralized in the rocks where they are now found ; for 
their original texture is often as beautitully preserved in 
silica as if this substance were suddenly introduced into, 
and filled up a sponge under no greater pressure than that 
of the sea or the atmosphere. 

All those who have collected organic remains from the 
tocks themselves must have obserred how frequently they 
are compressed in marls, clays and argillaceous slates, 
compared with the fossil contents of limestones and sand- 
stones. This is what we should expect; for the two latterr 
more especially the limestones, could hare received little 
compression from superincumbent weight after they were 
first deposited, compared with the mud from which the 
clays, marls, an.d fossiliferous argillaceous slates have been 
derived. When we recollect that every rock of the den- 
sity of 2-6 and 500 feet thick presses with a weight equal 
to about 577 lbs. upon the square inch, we may readily con- 
ceive that the particles of mud beneath such a weight would 
be squeezed together ; and yet it may be considered small 
when compared with that to which many marls and clays^^ 
must have been subjected. Shells and other organic re- 
mains contained in the mud must give way, and become* 
compressed or fractured as the case may be, and as we now 
find them in such situations. 

In limestones, on the contrary, organic remains general- 
ly retain their original forms, and there is little evidence of 
compression, except in seams of marl which may be inter- 
stratified with them. The calcareous matter appears for 
the most part to have been deposited among the organic 

• Some beautiful specimens illustrative of this fact were three or 
four years since sent with numerous fossil silicified plants from An- 
tigua, and are now in the collection oi the celebrated botanist Dr. 
Robert Brown. 
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exuvis from aqueous solutions of carbonate of lime, in the 
manner we observe on the small scale in diflerent situa-^ 
tions. Solidity probably accompanied the envelopment of 
the organic remains, and hence they could not be compress* 
ed. The same also has probably, to a certain degree, hap- 
pened with the exuviae in sandstones, the rock containing 
them not being capable of compression to a great extent. 
Variations in this respect may often be seen well illustrat- 
ed in alternations of sandstone and shale, or in the miner- 
alogical passages of one into the other. In some cases, 
also, we seem to arrive at the relative data when the com* 
pression of organic remains took place in shales and marls } 
for calcareous and other nodules occurring in them present 
us with uncompressed, or but slightly flattened, organic re- 
mains, while other remains, precisely analogous and evi- 
dently entombed at the same time, are compressed in the 
shale itself. We have had occasion to remark that such 
nodules are aggregations of similar matter which have 
separated from the mass of mechanical rocks after deposi- 
tion. Hence the compression in such cases took place 
after these aggregations of similar matter had been ef- 
fected. 

Vegetables have been entombed in various ways : some 
appearing to retain the places where they grew, while 
others have been broken into fragments, floated about and 
drilled by the Teredo, or analogous creatures, before they 
were imbedded in rocks. Others again are accumulated 
in vast abundance in particular areas, producing that high- 
ly valuable mineral, coal. Fossil vegetables possess great 
interest from the conclusions that may be derived from them- 
Those which retain the positions in which they grew aflford 
evidence of their tranquil envelopment by the matter 
which now surrounds them, while those which occur in 
detached fragments show that they have been transported. 
We necessarily infer the transporting power to have been 
moving water, and we judge of the amount of transport by 
the condition of the fragment. Thus when we see a mul- 
titude of delicately preserved leaves, we inf^r a small 
amount of transport, and their quiet envelopment before 
decomposition took place. Changes in the component 
parts of vegetables have been effected according to circun^ 
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Stances, but the carbon has most frequently remained firm, 
80 that fossil vegetables are generally carbonaceous. In- 
filtrations of silica, carbonate of lime, and other substances, 
into the pores of the plants, have sometimes taken place to 
a great extent, and occasionally there appears a complete 
substitution of new matter for that of which the vegetable 
was originally composed. When, however, we view the 
mass of fossil vegetables generally, a large proportion retain 
their carbon. 

The present condition of organic remains must depend 
upon the circumstances to which they have been exposed, 
both previous to and after their deposit in the various rocks 
where they are now delected. Without them we should 
have never known that any other than the present animals 
and vegetables had existed on the surface of the earth. By 
them we possess the most decided evidence that existing 
animals and vegetables have been preceded by others which 
are not now discovered on our planet. We might, indeed, 
from the superposition of different mineral masses, learn 
that detrital and other matter had been accumulated at dif--- 
ferent periods on given parts of the earth's surface, and 'we 
might infer from the structure of such masses that they re- 
quired a greater or less amount of time for their produc- 
tion ; but a knowledge of the possible variation of climate 
in any given area, and of the existence of animal and veg- 
etable life previous to and different from the present, could 
never have been acquired by such means. It is to organic 
remains we turn for such information ; they teach us that 
man is a comparatively recent creature on the face of the 
globe J that creation has succeeded creation on its surface ; 
that life has existed on it from remote geological epochs ; 
that climates have varied over the same areas ; and that 
there has been no stability in the modifications of animal 
and vegetable life since it was first called into existence on 
the surface of this planet. 
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CHAPTER XIV. 

T»E rocks ©f which the mineral cxust of the globe is 
composed are necessarily divided into those of aqueous 
.and igneous origin, from the two agents known to us as 
-capable of their production. The terms * stratified * and 
■* unstratiiied ' have been commonly considered as respec- 
tively synonymous with 'aqueous ' and * igneous'. Prac- 
ttically, this division is highly valuable ; but theoretically, 
it is not so satisfactory, at least, 4f we are to infer that all 
rocks divided into tabular masses^ one resting on. another, 
must have been deposited either chemically or mechanically 
from water. We have seen4rr the case of the Cornish and 
Dartmoor, granite ,(p. 93.), that there are cleavage planea, 
dividing the masses into tabular portions and which might 
pass for strata, if there were not other systems of cleavage 
planes, dividing the whale into prisms. Scarcely any geolo- 
gist will at the present day suppose that these granitic masses 
have been deposited from water ; and if there should b^ 
any who do so, they certainly will not imagine that the de- 
posit has been effected prism by prism, as mjen erect a 
building. Yet each of 'these planes tends to divide the 
granite into*4abular masses, the most constant fissures be- 
ing perpendicular with a^direction from N.N. W. to S.S.E. ; 
and if the others were not apparent, the whole might be 
termed stratified. Few geologists would now apply this 
term to the masses in question; but there may be equivo- 
cal cases in other rocks and situations, where cleavage 
might not readily present itself as a sufficient explana- 
tion. 

Basalt may be divided into beds, and yet be of igneous 
origin. This is shown on the coaM of Irelapd near the 
Giant's Causway. That this mass of basalt is igneous 
there is abundaht evidence, that exhibited at Kenbaan, 
where disrupted masses of chalk have been caught up ia 
ithe fused Jock, teing particularly striking. Now the 
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whole range of beautiful cliffs extending from the Cause- 
way to Dunseverie Castle e-xposes a series of beds, some 
•of which are columnar, others amorphous. They form a 
great curve, rising above the level of the sea at one place, 
and descending into it in the other, the Giant's Causeway 
itself being composed of a columnar bed where it cuts the 
sea-level. It would appear that some of the basalt had be- 
come columnar from causes which did not always obtain, 
so that the whole was not thus characterized. As the 
lines dividing the columnar from the other portions are so 
clearly marked, we may infer that the whole mass of ba- 
vSalt, at least in the particular part of which this portion of 
the coast is a section, was not in fusion at the same time, 
but that there were surfaces produced by successive layers 
of rock formed at different intervals. Without this hy- 
pothesis, there seems a difficulty in explaining the col- 
umnar character of some layers, and not of others, and 
'the general appearance of the whole. It does not, however 
in the least follow that the whole is not of igneous origin, 
but merely that parts of the great basaltic tract of the North 
of Ireland may have been produced after others, precisely 
as one lava current may succeed another in a volcano, and 
yet the whole be of one geological epoch. The only dif- 
ference being the tabular character of the Irish basalt and 
the linear appearance- of lava thrown out from a sub-aerial 
volcano.* 

The appearances exhibited at Staffa are precisely analo- 
gous. The trappean rocks of this island, so celebrated 
for its beautiful cavern, form three distinct beds, the lowest 
being a kind of trappean conglomerate, the central being 
columnar, and the upper amorphous and irregularly col- 
umnar. These beds, afi no doubt is very commonly the 

♦When considerable masses of this basalt have been under 
equal circumstances at the same time, we find equal effects. Thus 
the columns of basalt at Fairhead must have been produced while 
the whole mass of basalt at that place was under equal conditions. 
They are the largest which have hitherto been noticed in any part 
of the world. The recent and accurate measurement of them by 
Lieut. Larcom, R.E., of the Ordnance Trigdnomentrical Survey of 
Ireland, gives 317 feet for the height of the principal columns of 
Fairhead. The sides of these enormous prisms sometimes mea- 
dsore five Jeet, accordin^^ to the same gentleman. 



Digitized 



by Google _ 



240 INFERIOR STRATIFIBP ROCKB. 

case with those of similar rocks, are of irregular thick- 
ness; but they dip as a whole, according to Dr. Maccal- 
loch, at an angle of 9°.t It is this dip which brings the 
principal bed of columns within the action of the breakers, 
enabling them to hollow out and form caverns wherethere 
is less resistance to their action than in other places. The 
columns being jointed at Fingal's Cave explains, as Dr. 
Macculloch has observed, the formation of that fine cavern. J 
Igneous rocks may therefore be stratified, that is, rest in 
tabular masses upon each other, such tabular masses being 
in all probability produced at different intervals of time. 

As, therefore, sheets of igneous rocks, of greater or less 
area according to circumstances, may cover pre-existing 
sheets of similar rocks, and the result be stratification, that 
is, the successive deposition of one tabular mass of rock 
upon another at distinct intervals of time, we should be 
careful not too far to couple stratification with aqueous 
deposition. No doubt in the great majority of cases the 
one has resulted from the other, but we must not hence in- 
fer that the former can arise only from the latter. We 
have elsewhere* retained the division of rocks into Strati- 
fied and Unstratified, because it is exceedingly useful for 
ordinary purposes, and because it seemed convenient to do 
so until better terms be supplied. To have divided rocks 
into Igneous and Aqueous, would have been to prejudge 
€very question connected with their origin ; and although 
we should probably not err greatly in referring numerous 
rocks to the one or the other, there are many the origin of 
which we must prejudge, if we attempt, in the present i 
state of geology, to arrange the mineral crust of the globe 
under such. divisions. For the sande reasons which induc- 
ed us formerly to retain the terms * stratified ' and • un- 
stratified ', we do so now ; 'wishing it to be understood 
solely as a division of convenience for the purpose of con- 
sidering rocks in their order of superposition and relative 
age. With this understanding, therefore, we proceed to 
notice those which we have elsewhere classed under the 
head of * Inferior stratified or non-fossiliferous rocks'. 

* Geological manual, p. 37, ' 

t Western Islands of Scotland* t Bid, 
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These constitate the lowest of all stratified rocks, and 
in them no organic remain has ever yet been detected* 
They are crystalline, pass much into one another, particu- 
larly in the lines of strike or direction of the beds, occur 
in no determinate order, and in all probability constitute a 
large Yolume of mineral matter, supporting the great mass 
of stratified rocks which appear on the surface of the globe. 
Their position relatively to the other stratified r^cks, and 
their crystalline character, naturally suggest the idea that 
the one is somewhat dependent on the other. Wherever 
found, and they have been detected and examined in jra- 
rious parts of the earth^s surface, their general character 
is the same. We hence infer a considerable uniformity in 
whatever general cause may have produced them at the 
geological epoch when they were formed. We thus have an 
inferior position, crystalline arrangement, and a general 
uniform structure, as characteristics of these rocks. We 
Inay therefore infer that there was a very general com- 
mon cause for their production, and this necessarily leads 
us to a generally uniform condition of the earth's surface 
at this early period. 

It has been supposed that gneiss, mica-slate, hornblende 
rocks, chlorite slates, and others of the inferior stratified 
rocks were deposited,in the same manner as the beds of 
sands, mud, pebbles and limestones now forming, and that 
their present appearance is due to the action of great and 
long-continued heat beneath, which caused the crystalline 
arrangement of particles we now see, the organic remains^ 
where they existed, having been oblitered by these means. 
This hypothesis necessarily requires pre-existing solid 
matter from which to derive the detritus and upon which, 
to deposit it; so that we do not see what is gained by it in 
support of the opinion that such causes only as we daily 
witness, or rather their effects, can explain all geologicalr 
phaenomena. But waiving this consideration, it is not ap- 
parent how the eflTect required is to be produced in the 
manner supposed. We have no reason to imagine that 
great heat prevails at the bottom of the actual ocean ; if 
such were the case, it would be made known by the tem- 
perature of the surface water. Now certainly no experi- 
ments made on the temperature of the ocean at diiierent 
16 
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depths would lead to such a coDclosioD, whik they might 
do so to one quite the reverse* Hence, supposing detri- 
tus carried to the lowest depths of the ocean., where in ali 
probability it can never get from the want of a transporting 
power under ordinary circumstances, it does not appear 
how it is to be heated there, except by healing and per- 
haps fusing the pre-existing bottom. Granting, however, that 
by some means or other great heat is applied to these de- 
trital rocks, — and under the theory of Mr, Babbage, if the 
bottom of a sea be covered by detritus, and central heat ex- 
ist, there would be a tendency of heat to move upwards in 
the mass, so that the more the detritus was accumulated^ 
the more the general heat would move upwards, and there- 
fore detrital rocks deposited on a comparatively cold bot- 
tom might eventually be exposed to a high temperature, 
and consequently be altered, — we are still at a loss to 
understand how such exceedingly bad conductors of heat 
could become altered to the great depth which would be 
requisite. 

That mechanical rocks have been altered in the vicinity 
of igneous rocks, argillaceous schists, and others assu- 
ming the appearance of mica-slate, gneiss, &c., is well 
known, and this has probably given rise to the whole hy- 
pothesis : but there must necessairily be a limit to such al- 
terations in proportion to the power of the stratified rock 
to conduct heat, and to the volume and temperature of the 
heated mass, brought into contact with it. There is, how- 
ever, a vast difference between a power of this kind and 
one capable of changing any amount of deposits, such as 
are now daily forming, into all that immense mass of in- 
feiior stratified rocks known to exist in various parts of 
the earth's surface. We should conceive that, with suck 
bad conductors as rocks, the distance cannot be very con- 
siderable from the igneous heated matter at which detrital 
strata could be altered without fusion and consequent total 
loss of stratification. To alter, therefore, such a mass of 
matter as that composing the inferior stratified rocks, 
seems scarcely possible in the manner supposed. Let us, 
however, consider, for the sake of the argument, that these 
deposits could permit the heat to pass through them ia 
such a mannei that the particles of matter arranged them- 
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(Selves in a crystalline form, and that stratification was pre-, 
.served. We should expect to find that the ojiginal detri 
tal deposit, and the rocks produced by the crystalline ar- 
jrangement of the same particles, would be nearly, if noten*- 
tirely, composed of the same elementary chemical substan- 
ces, except perhaps near the contact with the heated matter 
-causing the alteration. 

The great distinctions which immediately strike us in 
the two kinds of rocks, are the large comparative propor- 
'tions of carbon and lime in modern deposits, particularly 
if fossiliferous, and the great scarcity of the former and 
•the comparative rarity of the latter in the rocks under con- 
sideration. Shells and other, calcareous organic remains, 
should they alter their form, would become crystals of 
carbonate of lime, and other obvious changes would be 
produced with the bones of saurians, and other remains, 
for we are not to suppose fusion but simple alteration in 
the position of the component particles, the carbonic acid 
retaining its place. Independently, therefore, of various 
diflicultie^, and others might readily be mentioned, the 
products required would diflTer chemically from those 
whioh would be obtained under this hypothesis : and the 
same would be the case whether we substituted the supra^- 
-cretaceous, the cretaceous, the oolitic,.the red sandstone, 
or the carboniferous groups, instead of the rocks now form- 
ing. More might, perhaps, be said for the mass of the 
graywacke group, but we should still have serious diffi- 
culties. From what is here stated, there is little proba- 
bility of the inferior stratified or non-fossiliferous rocks 
having been deposits similar to those now forming, al- 
tered by heat; and when we study the relations of the 
former to each other, the proba,bility appears, if possible, 
.still less. 

When the inferior stratified rocks are developed on the 
large scale, we generally find that gneiss and mica-slate 
are the most abundant rocks, constituting the far larger 
proportion of the mass. Hornblende rocks seem to suc- 
ceed in general importance, then the eurites and quart?; 
rocks, talcose slates, chlorite slates, and argillaceous slates. 
Limestones and dolomites are so sparingly disseminated 
.amid the mass of the rocks .under consideration, that their 
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relative Yolame must be exceedingly small.* They are^ 
howeTer, important in a theoretical point of view, as they 
show that the inferior stratified rocks were not altogether 
composed of various silicates, and that carbonates were 
formed Among them, though in exceedingly small compara- 
tive quantities. 

We have elsewheref calculated the proportions of elc-' 
mentary substances entering into the general composition 
of the rocks known under the names of gneiss, mica slates^ 
&c. Such calculations are no doubt mere approximations,^ 
but they are sufficient to show us the leading chemical dis- 
tinctions between the rocks in question, both as regards 
themselves and those which have been since formed. Let 
us suppose that a large district is formed of gneiss and 
mica slate in equal proportions, 2-6ths of the gneiss being 
composed of equal parts of quartz, felspar and mica, l-Gth 
of the same rock of equal parts of albite, quartz and mica, 
and 3-6ths of mica slate composed of equal parts of quartzT 
and mica, the latter mineral being of the fluoric acid kind^ 
we should have as the mean of one hundred parts of the 
whole volume of such inferior stratified rocks developed 
in the district, 



Silica ....... 71-87 

Alumina 1409 

Magnesia 2*06 

Potash ....... ^'73 

Soda 0-65 



Lime 025 

Oxide of iron .... 345 

Oxide of manganese . . 030 

Fluoric acid 0*45 

Water 0-86 



It will be obvious, that the relative proportions of the 
different rocks of the inferior stratified and non-fossilliier- 

• Some of the deposits of limestone in the United States are of 
immense extent. Take for example the limestone range along the 
western base of the Green and Hoosic Mountains. In the western 
part of Massachusetts it occupies one half, and probably more, of 
the surface, over a region from 10 to 15 miles broad j and probably 
this may be a fair estimate of its average width through its whole 
extent. I have crossed it in several places between Lower Canada 
i^nd Pensylvania, a distance of about 300 miles, and I have little 
doabtbut it extends nearly through the United States. It is asso- 
ciated with mica slate, quartz rock, clay slate, and graywacke. 

t Geological Manual pp. 440— 443* 
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0U8 group being fairly estimated in a given district, an ap* 
proximation towards the elementary substances contained 
in the mass may, in this way, be calculated with sufficient 
precision for various important inferences. 

Taking gneiss, formed of equal parts of quartz, felspar 
and mica, to be composed, as elsewhere calculated,* of 
silica 7006, alumina 1503, magnesia 1-66, lime 0-37, pot- 
ash 7-92, oxide of iron 297, oxide of manganese 0*20, 
fluoric acid 0*36, and water 0-66, and making this rock a 
standard of comparison, we obtain the following approxir 
mative differences as to chemical composition between it 
and the rocks enumerated beneath. 



silica .. 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


I 


+ 18< 


♦301 


—8 12 


-15-21 


—6-35 


♦8-3fc 


♦518 


♦5 14 


♦11-98 


Alumina . . . , . 


+0.17 


-195 


♦0-42 


'■0 5E 


-«.08 


-9-63 


—8-44 


-OOJ 


-5-6« 


Potash ...... 


-^3-55 


—1-86 


-4-65 


-101/ 


—714 


-7-92 


—3-37 


-4 55 


—109 


Soda . ^ . . . . 


♦3-31 


















Magnesia .... 


♦004 


♦0-83 


•03 


♦7 -75 


♦5-6i 


til -54 


♦7-60 


tO-74 


-r« 


Lime 


—012 


—0 20 


♦0 03 


♦6-96 


-Oil 


+ 1-63 


—0 04 


♦0.8S 


♦0-01 


Fluoric acid . . . 


00 


♦0.18 


OCO 


♦0-39 


—0-36 


-0-36 


-0-36 


-0 36 


-o-w 


Ox. Iron .... 


-O'Sl 


+ 1 11 


♦11-75 


+ 1'06 


♦12-34 


♦ ro« 


-1-89 


-8-97 


— 2'«C 


Ox. manganese . 


♦006 


♦010 


+ 1-03 


-OOS 


—0*20 


-0-20 


—0-20 


-0 2C 


-o-a 


Water 


—0-21 


♦0-34 


000 


-0'66 


-0-6C 


+ 0-84 


+ 1-34 


+ 0-84 


-0-66 



A. Gneiss, composed of equal parts of albite, quartz 
and mica; B. Mica slate, of equal parts of quartz, and mi- 
ca ; C. Mica slate, of equal parts of quartz, mica and gar- 
net ; D. Hornblende rock, of equal parts of hornblende 
and felspar; E. Chlorite slate, of equal parts of chlorite 
and quartz ; F. Talcose slate, of equal parts V>f quartz and 
talc ; G. Protogine, of equal parts of quartz, felspar and 
steatite ; H. Eurite, such as that of Nantes ; and I. Quartz 
rock, composed of equal parts of quartz and felspar. 

We thus thus see that the modifications of the principal 
rocks of this class depend upon a few different combina- 
tions of a small number of silicates. These modifications 
are extremely interesting to trace in nature, where we of- 
ten find the inferior stratified rocks pass from one into the 
other in the most gradual manner, more particularly in the 
line of their strike or direction, so that it is scarcely possi*- 

j» Geological Mafiual p. 440. 
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ble to see where the change precisely commences or tcr* 
minates. The gradual increase or decrease of some one 
or other of the component silicates is quite sufficient to al- 
ter the appearance of the rock, converting it from one 
known compound into another. These passages are, how- 
ever, often so singular, that to apply to them any of the 
names usually assigned to given mixtures of these vari- 
ous silicates seems impossible, however convenient it 
may be to affix given names to the more marked com- 
pounds. 

Notwithstanding these minor changes, the common char- 
acter of the whole mass is so striking that we are natural- 
ly induced to search for some simple cause productive 
of its common origin. If the theory of central heat be 
founded on great probability, as it seems to be, we should 
look for this cause in some one condition of the earth's sur- 
face at a given epoch which should present us with the 
uniform conditions required. Now, under this theory^ 
there must have been a time when the mineral crust first 
became solid, and there must also have been a time when 
the mineral surface, being sufficiently cool, permitted the 
existence of water in its liquid state. These two events 
could scarcely have been contem^poraneous, .because we 
should infer that the superficies of our spheroid, when first 
solid, would still possess too high a temperature to permit 
water to rest in its liquid state upon it. A time, however, 
must have come when the heated rock would merely allow 
the water to remain liquid upoq it, and there would be a con- 
dition of things in which a great mass of heated water ex- 
isted on the face of the globe, which, driven off by evapo- 
ration, condensed in the atmosphere, and fell again into the 
mass beneath. "Such a condition of things would neces- 
sarily be one in which neither animal nor vegetable, life, an- 
alogous to that now found, could exist. Hence no organic 
exuviae could become entombed in any rocks which could 
result from this state of the earth's surface. It would also 
be one highly unfavorable for the production of carbonate 
of lime, since the carbonic acid would be driven out of 
the water, and consequently, no carbonate of lime could 
exist in solution. We should mo^reover recollect^ that lime* 
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itself is less soluble in hot than in cold water, for Dal- 
ton has found that one grain of lime requires for solu* 
tion 

778 grains of water at 60° Fahr. 
1270 grains of water at 21 2° Fahr.* 

Lime itself would, therefore, 4)e sparingly dissolved, and 
we should scarcely expect to have any carbonate of lime 
in solution, and consequently none could be thrown down 
as a deposit. The case would, however, be very differ* 
ent with the silicates; for numerous thermal springs afford 
evidence that hot water is favorable to the solution of 
silica. 

We have next to inquire how far detrital rocks might 
be produced under this condition of the eartb^s surface. 
Surface currents are produced by winds, the frjction of 
whfch on the water causes a forward motion in their direc- 
tion ; the uniform temperature of an atmosphere charged 
with hot aqueous vapor would not appear favorable to the 
production of winds causing currents of geological impor- 
tance. The action of the tides, however, due to other 
causes, would be in full force ; so that if there were inequa- 
lities in the earth's solid surface producing shallows and 
even land above the water, as when we compare the crust 
of the globe with its volume we should expect must have 
been the case, there would be tidal currents capable of trans- 
porting substances to distances proportionate to obvious cir- 
cumstances. If parts of the solid surface rose above the 
ocean level, the aqueous vapors would probably condense 
upon them, and running waters would be the result. We 
might, therefore, anticipate that mechanical rocks could be 
produced under these circumstances, and therefore should 
there be traces of mechanical rocks among the inferior 
stratified class^ there would be nothing very remarkable in 
the circumstance under this hypothesis. We may, indeed, 
go further, and consider that such rocks would very pro- 
bably exist ; for we may infer that, in such a condition of 
the earth's surface, disruptions of the thin solid crust 
would be frequent, end would be productive of great waves 

♦ Turner's Elements of Chemistry. 4th edition, p. 467. 
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and currents of the water beneai^h, and in which the frac- 
tures and consequent agitation were effected. Such cur* 
rents would necessarily tend to abrade and transport solid 
matter* 

Many of the inferior stratified rocks have evidently 
been chemical products, a»d some perfectly resemble gran- 
ites and greenstones divided into beds. This is particu- 
larly remarkable in that kind of gneiss which occurs in 
thick beds, and contains large disseminated crystals of fel* 
spar or albite, the plates of mica in which are not arranged 
parallel to the plane of the strata. Some beds of horn* 
blende rocks differ little from beds of greenstone. We 
have had opportunities of seeing how both these kinds of 
rock finally pass, in 'their lines of strike or direction, into 
common gneiss or hornblende slate with mica. The for- 
mer by the gradual arrangement of the plates of mica into 
one plane, and the latter by the acquisition of mica, which, 
when sufficiently abundant, converted it into a highly 
schistose rock. These are very marked differences from 
the facts observable in common granite or greenstone, and 
point to at least a considerable modification of the circum- 
stances under which they h^ve been produced. 

We thus obtain an absence of organic remains, the pro- 
bable rarity of carbonate of lime, the prevalence of siii- 
caies, and the possible mixture of chemical and mechanical 
deposits. We should expect the inferior rocks also to cor- 
respond in their general chemical characters with those ig- 
neous products which have been thrown out at different 
geological epochs on the surface of the globe. Now this 
resemblance does exist, more particularly among the older 
igneous products, precisely where we should expect to find 
it. All the conditions supposed would be highly favorable 
to a mixture of the igneous rocks of the period with those 
thrown down from the heated ocean. And we should recol- 
lect that this ocean would contain numerous substances 
in solution, part of which remain until this day. I: is need- 
less to point out the coincidence of these results with the 
facts observable among the inferior stratified rocks. If our 
plane^t were once fluid, as there is every reason to suppose 
It must have been, and if that fluidity were igneous, as in 
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all probability it was, we can scarcely consider but that a 
condition of things somewhat similar to that noticed above 
should have obtained ; and, therefore, we should expect to 
find a series of rocks formed at that period dijSering 
from those produced at later epochs, the most marked 
character of which should be the absence of organic re-^ 
mains. 
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CHAPTER XV. 

Wb now proceed to consider briefly some of the circum- 
stances connected with that important division of rocks 
which we have termed fossiliferous, and which show, by 
the organic remains entombed in them, that life was created 
on the surface of our planet before they were formed. It 
has been found that the European fossiliferous rocks, those 
which have hitherto been best examined, may be conven- 
iently divided into groups, as they present differences, more 
particularly in their organic contents, which would appear 
to authorize such subdivisions. As the relative order of 
the series is never inverted, though parts of it may be, and 
are often absent, we have to a certain degree a record of 
geological events, as far as regards the appearance or dis- 
appearance of particular animals and plants over given 
areas. When known deposits are absent from the series, 
it becomes highly important to discover, if possible, wheth- 
er they ever have or have not existed in the particular area 
examined. A given rockB may have been deposited upon 
another A, and have subsequently suffered removal by de- 
nuding causes, at least in the area examined, so that another 
rock C may be deposited directly upon it. When this has 
happened, we should exp,ect to see marks of erosion or 
some other evidence of the action of denuding causes on 
the upper surface of A ; and this evidence we frequently 
obtain. There would necessarily be in such cases an un- 
certainty as to the succession of animals or plants which 
may have occurred in such part of the earth's surface. 
Now it may have happened and often has happened, that 
a rock such as C has been deposited on a part of the sur» 
face of A which has never been covered by B. So that 
should we be desirous of knowing in what manner given 
contemporaneous an4 fossiliferous rocks may have been 
distributed over a particular part of the earth's surface and 
consequently the kind of animals and vegetables whicife 
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sacceeded one another, we must carefully examine the con- 
ditions under which two fossiliferous rocks may rest upon 
one another. This is no doubt often a work of considera- 
ble labor, but much depends upon it. For instance, the 
lias" rests quietly in many parts of England upon the red 
sandstone group, in the upper part of which group in the 
same country there are few or no traces of organic remains, 
and no decided development of limestone. It hence migiit 
be, and was long, inferred that there was no deposit con- 
taining organic remains between the lias and the magne- 
man limestone, and consequently, that the kind of animals 
and vegetables whose remains "were discovered in the lias 
succeeded those whose exuviae were entombed in the mag- 
nesian limestone or zechstein. It subsequently appeared 
that this had not been the case ; for a remarkable calfcare- 
ous rock, the muschelkalk, found in the upper part of the 
red sandstone group in parts of Western Europe, extending 
from Poland to the Mediterranean coast of France, contains 
the remains of creatures differing generally from those 
both in the lias and in the magnesian limestone. Hence 
the different animals and plants, known to have existed 
from their remains found in the two latter rocks, did not 
immediately succeed one another in the European area. 
Others of a different kind flourished at an intermediate 
period, and either did not live over that part of the area, 
where England now rises above the surface of the sea, 
or there was something in the circumstances connected 
with the deposit itself, in the same situation, which 
did not permit the preservation of any part of their re- 
mains. 

Any estimate, therefore, of the succession of animals 
and plants which have existed on that part of the earth's 
surface now known as Europe, requires much care and 
great caution, more particularly when we attempt, from the 
remains entombed in rocks, to sketch their distribution at 
a given geological epoch. If this requires great care, is' 
not still greater caution required when we draw inferences 
respecting the general condition of life over the whole sur- 
fece of the globe at any one geological period 1 

A large portion of the fossiliferous rocks have been pro- 
duced from the deposition of matter mechanically suspend^ 
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ed in water, and, generally speaking, the finer the deposit, 
the greater the appearance of the tranquil envelopment of 
the organic remains iound in it. Subsequent causes may 
have compressed and fractured the remains in place, but ail 
other things being equal, a fine deposit, such as we may 
«uppose to have once been mud or silt, but which ia now 
marl or clay, is that which among the mechanical rocks 
affords the most perfect remains. A« we have previously- 
remarked, compact limestones may be considered more as 
chemical than mechanical deposits, though strictly speaking 
the carbonate of lime thrown down as a precipitate from 
water is insoluble in the latter at the time, and is therefore 
mechanically suspended in it ; so that we should expect 
organic remains to be well preserved, as they are, in such 
limestones, the finer particles of carbonate of lime quietly 
entombing them. 

A considerable thickness of sandstone rocks, the grain 
of which is often exceedingly fine, and of associated argil- 
laceous slates and limestones, canstitutes the lowest group 
of rocks containing organic remains with which we are 
acquainted. This ie the graywacke group. There is 
abundant evidence that moving water transported detritus 
and deposited it in beds ; these latter would, however, if 
measured perpendicularly, present us with an aggregate 
thickness, so considerable, that we are led to inquire if 
there may not be something deceptive in the appearances 
observed. We have seen (p. 55.) that beds of sand may 
be formed above one another at angles up to 20** or 30i, 
und cover a bottom of moderate depth in such a manner, 
that if they were measured as we do the graywacke beds, 
the result would be extremely erroneou*. Now as the 
gray wacke measured in this manner usually gives us many 
miles of thickness in the different districts where it is ob- 
'flervable,it would require either a depth of ocean we should 
have some difficulty in conceiving ever to have existed on 
the earth's surkce, or a gradual descent of bottom, as the 
detrital matter was accumlated above, to an equal amount, 
in order to account for the thickness thus estimated, on the 
fiupposition that the beds have been successively deposited 
in a horizontal manner. When« therefore, we have an ex- 
flanation whicb does not require more than the conditions 
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now existing off the edges of soundings around various 
coasts, it seemi^ fair to infer that much of this apparently 
great thickness may be due to causes so far similar, that 
the detrital matter has been gradually moved forward on 
the bottom, and thus thrown over into deep water, where, 
particle supporting particle, the resulting beds were inclin- 
ed at angles which, under favourable circumstances, ap- 
proached 20° or 30^. 

Among these beds we begin to find a greater abundance 
of carbonate of lime, which, though still in small quanti- 
ties compared with the amount contained in the rocks some- 
what higher in the series, shows a certain change in the 
conditions under which rocks were then produced. Now 
though it is not always the case, yet we generally find or- 
ganic remains in the calcareous beds, and viewing this 
group as a whole, it is principally in the graywacke lime-' 
stones that the greater quantity of organic remains is de- 
tected. 

The difiiculty of separating the graywacke group from 
the inferior stratified rocks is extreme, for where good sec- 
tions have presented themselves, and we have the lowe 
and not the upper part of the graywacke series, the two 
classes of fossiliferous and non-fossiliferous rocks appear 
to graduate into one another, principally by alternations. 
This is precisely what we should expect if the theory of 
central heat were correct ; for the waters of the globe 
would, as the whole surface became cooler, rest more read- 
ily on the surface of land, and there would be a greater 
tendency to produce detritus, rivers and other agents of that 
kind being more abundant. Solutions, also which depend- 
ed on the heated state of the waters would become less fre- 
quent as these cooled. 

As from all analogy we cannot conceive animal life 
to exist in greatly heated water, — which, moreover, would 
in proportion to the heat in it tend to drive atmospheric air 
out of it, — we must assume a moderately cool ocean as a 
neccessary condition for the existence of marine creatures. 
When it became moderately cool above, there would be de- 
creasing temperatures beneath, so that there would be dif- 
ferent levels, which might be tenanted by differently con- 
stituted creatures. 
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Wh«n we compare lists of the organic remains entombed 
in the^graywacke group with existing marine life, so far 
as it is known to as, we find many genera common to 
;both. Now if we iafer that these genera have in general 
had similar habitats at the different epochs, which it must 
be confessed is an inference not altogether safe, we should 
vconclude that they were either littoral, inhabitants of mod- 
erate depths, or free swimmers in the ocean. The same 
circumstances, connected with the medium in which they 
existed must have affected the marine creatures of the 
graywacke epoch as affect those of the present day. Crea- 
tures with eyes would require light; those living habitu- 
ally in small depths would not suppoTt life equally well 
beneath great pressure at considerable depths, and different 
kinds of bottom would suit different creatures. The whole 
of the marine exuviae observable in the graywacke is such 
that we may infer it could exist at moderate depths, and 
that two or three hundred fathoms of water would suffice- 
It may be said that we cannot infer the habitat of the Tri- 
Xobites, since nothing precisely analogous to them has yet 
been detected in our present seas.* This may be true 
enough as to the kind of bottom which they may have 
preferred ; /but as they possess eyes, we may fairly infer 
that light was necessary to them, and that therefore they 
did not live at very considerable depths. They are some- 
times entombed by myriads in the beds of a small district ; 
and as they are then often complete, and have apparently 
been imbedded either living or before decomposition toot 
place, we may consider that some species at least were 
gregarious. 

It would not suit the plan of this work to enter into 
details respecting the organic contents of the graywacke ; 
but if the reader will compare the lists of organic remains 
stated to be contained in this rock with the table of the 
known habitats, as far as regards depth of water and bot- 
rtom, at the end of the volume, he will probably come to 

* Dr. Eights of Albany has recently figured and described some 
living representatives of the trilobitesobtainedi'rom the cold region 
.of New South Shetland. See Trajisactions of the Albany Institute 
Tol. 3. Nq. L— ilwi, Ed. 
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the concluiiion ^that the marine life of this early period oc- 
cupied bays, creeks, shallow open water, moderate depths, 
and the open ocean, precisely as marine creatures do at 
the present day ; that some genera have disappeared from 
the surface of Jthe globe, while others still exist, and 
that many now known have not been discovered in this 
gjoup. 

As carbon is essential to the animal and vegetable life 
now existing on the surface of the earth, it seems fair to 
infer that it was always necessary to animal an*d vegetable 
life. Now it is wortny of remark, that with the early ap- 
pearance of life the calcareous matter in rocks increased. 
Carbon being so exceedingly rare in the inferior stratified 
Jocks, we are led to inquire whence it was derived. At 
the present day a large amount of carbon, combined with 
oxygen and forming carbonic acid, is thrown daily into the 
atmosphere through cracks ox volcanic vents in the earth's 
crust. If there were a condition of the earth, as we have 
supposed there was, when the waters w^re so hot that they 
could not absorb carbonic acid, and there was neither 
animal nor vegetable life to appropriate a part of its car- 
bon, any cabonic acid thrown from the interior of the 
earth upon its surface would remain in the atmosphere, ex- 
cept such portions as could form compounds with the min- 
eral matter rising above the level of the waters and suffi- 
ciently cool for the purpose. As the general surface of 
the world became cooler, these conditions would necessa- 
«ly change, and carbonic acid would be absorbed by wa- 
ters ; these would then act chemically on various substan- 
ces, and among other things they could take up carbonate 
of lime in solution, which without this addition of car- 
l)onic acid would have been insoluble in them. A large 
proportion of carbon would be appropriated by the mass 
of animal and "Vegetable life when first created, and an 
»equal volume of oxygen would be liberated for the support 
of the creatures then called into existence. The atmos;- 
phere would not only be thus purified by the abstraction 
of a certain amount of carbonic acid, but it would also be 
rendered more fitted for the support of life by the addition- 
al proportion of oxygen thrown into it. 

Under the conditions wd have supposed, we should ]^v« 
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a sea of an uniform temperature at different levels, land 
rising above it in various places, and necessarily waters 
of different depths. Sucb conditions would be highly fa- 
vorable to a certain general uniformity in the distribution 
of animal and vegetable life. It has been considered that 
ihis general uniformity does prevail in the organic contents 
of the graywacke. This is certainly in a great measure 
true with respect to the graywacke known to us in Europe 
and North America, the organic contents of which are 
remarkably similar ; but from this circumstance it would 
be evidently unsafe to' conclude more than that, in certain 
parts of the northern hemisphere, conditions for the exist- 
ence of certain creatures were equal at the same geologic- 
al epoch. What the conditions may have been in the 
tropics, and in the southern hemisphere at the same time, 
can only be conjecture, because the requisite data fail us. 
Until it was well understood that rocks of different ages 
may have the same mineralogical structure, graywacke 
was stated to be found in many parts both of the tropics 
and southern hemisphere ; but as yet we have no proof 
, that the rocks so called are really such. In all probabili- 
ty there must have been equivalent rocks in these portions 
of the earth's surface, and it will be highly interesting, as 
their organic contents become known, to see how far they 
correspond with, or differ from, those of the graywacke of 
Europe and North America. As we have had occasion to 
remark, neither general uniformity of organic contents nor 
mineralogical structure proves continuity of deposit; 
therefore we might at all times have detached masses of 
land around which there might be deposits perfectly dis- 
tinct as masses of matter, though they zoologically resem- 
ble one another. 

The recent researches of Mr. Murchison on the upper 
division of the graywacke of Wales, and on the continua- 
tion of this division into the neighboring English coun- 
ties, have shown, at least as far as regards this area, that 
there is even a marked distinction between the organic 
contents of the various sub-divisions of this portion of the 
graywacke, so that we might expect still greater between 
it and the lower division. Such distinctions would sup- 
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pose change of circumstances! which rfiould affect the ani- 
mal life previously existing in this particular area, either 
causing a destruction of part of it, or the removal of such 
part elsewhere in search of the conditions suited to it. 
How far a change in the organic contents of the Europe- 
an gray wacke should correspond generally in this respect 
would depend on the similarity of the conditions to which 
the whole of it has been exposed; so that, a priori, it 
would be hazardous to assume that the upper gray wacke 
of Podolia, of the neighborhood of St Petersburg, of Swe- 
den and of Norway, remarkable for the general horizontal 
character of its beds, presented exactly the same organic 
remains. 

The carboniferous group succeeds the grauwacke in the 
ascending series of Europe,* and is so called because the 
great mass of European coal is included among the rocks 
of which it is composed. It is stated that a large propor- 
tion of the American coal is associated with the preceding 
group; a statement which, at all events, can have nothing 
improbable in it, since, if terrestrial vegetation existed dar- 
ing the lime thatdhe gray wacke was forming, there ap- 
pears no reason why the remains of such vegetation should 
not be found in that group. Indeed the upper part of the 
gray wacke group of Europe contains beds of anthracite 
with vegetable remains. . M. Elie de Beaumont notices 
the occurrence of anthracitic coal in the gray wacke of the 
Bocage (Calvados,) and of the interior of Brittany, worked 
for profitable purposes, and containing the remains of 
plants which do not much differ from those of the coal- 
measures, properly so called. The same author also re- 
fers rocks containing anthracite and fossil vegetables, 
forming a part of the south-east angle of the Vosges, to the 
same epoch. M. Virlet considers the coal of St. Georges 
Chatellaison referrible to the gray wacke ; and Mr. Weav- 
er refeis all the coal in the province of Munster, with the 
exception of the county of Clare, to the same series. It is 
an extremely interesting point to see how far facts justify 

* For the order of saccession of the various groups of fossilifer- 
ous rocks, with descriptions of them, and of the countries where 
they have been discovered, the reader is referred to the Geological 
Manual, and other geological works. 
17 . 
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US in cotrcluding that vegetation and animals have appear- 
ed contemporaneously,, or nearly so, on the surface of the 
globe ; and further to study, if analogy can help us, how 
far both may have been suited to a state of the atmosphere 
differing from the present in the relative portion of car- 
bonic acid contained in it. 

The researches of M. Adolphe Brongniart on fossil 
plants led him to conclude, that during the early period 
when the plants entombed in the coal-measures flourished, 
the atmosphere was more charged with carbonic acid than 
at present, aiding the development of the gigantic species, 
the remains of which are there detected, and also protect- 
ing them when dead from being so readily decomposed by 
the atmosphere. Now this conclusion is remarkable, be- 
cause we have arrived at the same by a totally different 
train of reasoning. It has also been further inferred that 
the carbon substracted from the atmosphere, gradually fit- 
ted it for the respiration of reptiles, and, finally, for mam- 
miferous animals. If the reasoning we have employed to 
show the changes that should take* place, under the theory 
of a gradual reduction of the earth's temperature, approx- 
imate towards the truth, the atmosphere would also be pu- 
rified when the waters became sufficiently cool to permit 
the absorbtion of carbonic acid, and the consequent forma- 
tion of calcareous deposits. We have shown that the vol- 
ume of this gas locked up in limestones is enormous, being 
at the rate of 16,000 cubic feet for every cubic yard of 
limestone (p. 25). Even existing shells must contain a 
considerable volume of it, for in the two valves of the great 
Tridacna, now at Paris, and weighing 500 lbs. there is, 
assuming them to consist of carbonate of lime, somewhat 
more than 3,250,000 cubic inches of carbonic acid, and al- 
lowing for animal matter, about 3,000,000 cubic inches. 
We should thus obtain, by a given reduction of the earth's 
temperature, a state of things fitted for animal and vegeta- 
ble life, which was not so fitted at a prior period. So long 
as carbonate of lime could not be freely formed in waters, 
the numerous marine creatures which require it in such 
comparatively large proportions, such as the shell-bearing . 
molluscs, the encrinites and corals, the remains of which 
are found in the lowest fossiliferous deposits, could not 
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procirre it in the requisite proportions; and hence, inde- 
pendently of the elevated temperature of the water, and of 
the difficulty of procuring disseminated oxygen, circum- 
stances would have been ill suited to their existence.* 

Those botanists vi^ho have paid attention to the subject 
of fossil plants agree in considering the remains of vege- 
tables detected in the coal-measures as analogous to those 
of the tropics, more particularly of islands in the tropics. 
Notwithstanding differences of opinion respecting the par- 
ticular existing generate which these plants may bear the 
greatest resemblance, the high temperature of the climate 
at the time appears to be generally conceded. It has even 
been considered, from the great development observed to 
have taken place in certain kinds of plants, that the cli- 
mate might have been ultra-tropical. Now it should be 
recollected that these conclusions have been deduced from 
facts observable between the parallels 'of 40® and 60° of 
north latitude ; so that should there have been anything 
like an ultra-tropical climate in such latitudes, we should 
expect that a warm state of the atmosphere would be very 
general, bringing with it the consequences of such a state 
of things. 

It has been observed that the gray wacke passes into the 
old red sandstone (as it is termed,) above it in one part of 
Britain, while cong^lome rates considered to represent the 
latter rest on the disrupted edges of the former in another 
part of the same country; showing, in a comparatively 
small area, that while tranquillity prevailed and continued 

• Though once a disputed point, it seems now certain, more par- 
ticularly from the researches of Mr. Gray (Phil. Trans. 1833,) Chat 
molluscs have the power of dissolving their shells. That several 
have the power of piercing calcareous rocks has been long known. 
As water containing carbonic acid can take up carbonate of lime 
which would otherwise be insoluble in it, it would appear to follow, 
that if the molluscs could impregnate water with carbonic acid, and, 
apply the water thus charged to their shells or calcareous rocks, the 
carbonate of lime would be gradually dissolved. Now molluscs ap- 
pear to form carbonic acid during respiration in the manner of 
creatures which breathe air ; and, thereiore, if they could impreg- 
nate a portion of water with this acid, which might be accomplished 
by confining the expired water to particular places, and, perhaps, 
respiring it several times, they would have the means of dissolving 
the calcareous matter either of their shells or of rocks. 
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in one part of it, disrupting forces were in action, in another 
preventing tiie continuous and quiet deposition of detritat 
and other matter. Professor Sedgwick iias ably pointed 
out the range of the old red sandstone through Great Brit* 
tain ; and, alluding to the absence of that deposit between the 
carboniferous limestones and graywacke of North Wales, 
considers that the " old rocks of North Wales underwent 
a great movement, anterior to the period of the old red 
sandstone, and that by this movement the bottom of the 
neighboring seas was raised out of those causes which pro- 
duced the old red sandstones."* The tilted character of 
the graywacke and the conglomerates here and there id- 
terposed between it and the carboniferous limestone, which 
are often, as Professor Sedgwick observes, of great thick* 
ness, show the application of force and the destructive ac- 
tion of water. 

It can only be under favorable circumstances, such as 
those which exist in the British Islands, that the connec- 
tion between the graywacke and the carboniferous groups 
can be satisfactorily traced to considerable distances. In 
those situations, such as the southern parts of England and 
Wales, probably also on the Rhine, where the two pass 
into one anol;her, separation is purely artificial ; for, in fact, 
they then merely constitute the upper and under parts of a 
mass of detrital matter deposited tranquilly above one 
another, and are therefore no more geologically separable 
than the component strata of any given rock, such as the 
lias, which may differ quite as much in their organic con- 
tents. Such separation, however artificial it may be, has 
nevertheless its importance, as it shows the points where 
tranquillity has prevailed at equal geological epochs ; and 
hence, when facts shall have been sufficiently accumulated, 
we may the better judge of the relative amount of areas 
undisturbed at the same period. 

It was at one time supposed that organic remains were 
not found in the old red sandstone ; the recent researches 
of Mr. Murchison in the districts above noticed have, how- 
ever, shown that this rock does contain organic exuviae, 
though they may, when we view the rock as a whole, be 

• Geological Mantifiil) p. 391. 
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considered exceedingly rare. There was, therefore noth- 
ing which prevented the existence of animal life at the 
period in that area ; and the fact of these remains being 
so found is highly satisfactory, though, had we not 
detected them, there would be no proof that animal and ve- 
getable life did not exist, even at no great distance from any 
spot where old red sandstones was discovered without them; 
for many circumstances may have prevented their preser- 
Talion in the rock. We should, however, generally infer 
that deposits of sand or miid around coasts, or in shallow 
water, would contain, all other things being equal, more 
organic remains than those formed in deep water. 
* When we arrive at the carboniferoy.s limestone itself, we 
have the first deposit of carbonate of lime of very great 
extent, and of a fair approach to purity, in the area now 
occupied by Western Europe : for though limestones are 
interspersed among the gray wacke rocks, and calcareous 
matter is often disseminated through them, cementing the 
grain of detrital matter which has been derived from more 
ancient rocks, the volume of limestone of equal purity in 
the one compared with that in the other is small. We do 
not mean to infer that this limestone is an uniform product 
of the period, even in the European area, much less that a 
contemporaneous deposit in America or China is necessar- 
ily and fundamentally a carbonate of lime ; for such an in- 
ference would require perfectly equal conditions to prevail 
in all these situations at the same period. A considerable 
mass of carbonate of lime was, however, then thrown down 
in this part of Western Europe ; and the abudance of or- 
ganic remains detected in it, sometimes so great as nearly 
to constitute entire beds, shows that at least there was ho ' 
scarcity of life in this part of the globe at that period. The 
great change in the nature of the deposit is remarkable, 
and shows the prevalence of the causes necessary to pro- 
duce this effect for a very considerable period. Geologi- 
cally considered, it may be regarded as only one among 
many periods : yet the time necessary to form this deposit, 
and to be sufficient to explain the facts connected with it, 
so little accords with the divisions of time which man com- 
monly employe, that there is great difficulty in conceiving 
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the amount of ages which may be included even in a single 
geological epoch. 

The researches of Professor Sedgwick have shown that 
coal-beds, profitably worked, accompanied by sandstones 
and shales, occur at the same geological level, from Bew- 
castle Forest along the skirts of the Cheviot Hills to the 
Valley of the Tweed, as the carboniferous limestone of 
the South of England and Wales. Thisxgreat change by 
no means appears to be sudden, but gradual. A series of 
beds, intermediate between the mass of the carboniferous 
limestone and the coal-measures, and which in the southern 
parts of England is of little importance, swells out, as it 
were, in Derbyshire and Yorkshire, presenting subordin* 
ate beds of coal. Stfll proceeding northward, the carboni- 
ferous limestone itself becomes subdivided by coal, sand- 
stone and shale, the latter finally acquiring considerable 
importance still further north, and the deposit taking the 
charaeter of an ordinary coal formation, the calcareous 
flatter having greatly disappeared.* 

Now if it be fair to infer^ as it appears to be, that the 
greater the abundance of coal with an abundance of veg- 
etables in the associated beds, and which bear no marks 
of having suffered long transport, the, greater the probabil- 
ity of dry land not having been far distant at the time of 
the deposit, we arrive at the conclusion that, at the period 
when the carboniferous limestone of the South of England 
was produced in the sea, there was probably dry land in 
the part of the European area not far to the northward of 
the present Tweed. We should further conclude that a 
gradual rise of this land was effected, by which means 
terrestrial vegetation travelled further to the south, so that 
its remains became abundantly entombed in that direction, 
producing coal now found in Southern England, Wales, 
and the line of deposits which appear in Belgium and 
Northern France, the continuity of the whole being supers 
ficially concealed beneath the red sandstone, oolitic, creta- 
ceous and supracetaceous groups of a part of these coun- 
tries. 

This view would be borne out, if the fresh-water deposit, 

♦ Sedgnvick, Address to the Geological Society, 1831. 
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with the remains of Cypris, Cytherina, and, as is suppos- 
ed, of a saurian, discovered at Burdiehouse near Edinburgh, 
should turn out to be, as it is considered to be by Dr. Hib- 
bert, subordinate to the carboniferous limestone ; for the 
fresh-water lake or river where the deposit was produced 
would necessarily require dry land. The discovery of 
saurian remains, if borne out by other circumstances than 
a tooth, would be most interesting, supposing no doubt can 
be entertained respecting the geological epoch to which 
these beds are referred, as it shows us that the condition of 
the atmosphere was not then unfavorable to their existence, 
though certainly we have no means of judging how far 
their respiratory organs were different from those of actual 
reptiles, enabling them to breathe an air more charged 
with carbonic acid. Mr. Murchison had previously point- 
ed out that a fresh-water limestone occurred at Pontesbury, 
Uffington, and other places in the coal-measures of the 
Shrewsbury district ; and as this also would require dry 
land, we obtain another locality for it, which is the more 
interesting as the rocks being more recent than those of 
Burdiehouse, under the supposition .that the latter are 
equivalent to the carboniferous limestone, it accords with 
the view we have taken of a gradual rise of land from 
North to South.* It certainly would by no means follow 
that such land should be unbroken ; it might readily be 
divided into islands, in accordance with the views MM. 
Sternberg. Boue and Adolphe Brongniart. How far sim- 
ilar appearances would lead us to expect a continuous 
mass of this land in the direction of the present continent 
of Europe, at the epoch of the carboniferous limestone, it 
would be difficult to say ; but it is highly interesting to 
observe that rocks equivalent to the millstone grit and 
limestone shales of English geologists become developed 
in Westphalia, and are there known as Rauer sandsttin. 
These beds attain a considerable thickness at Arnsberg, 
Merscede, and Warstein. 

♦ It has long been supposed that a large proportion of coal and its 
associated beds containing fossil plants were deposited in fresh wa- 
ter, from the frequent absence of marine remains among them; 
but direct evidence derived from animal exuviae of which the fresh- 
water character could not be doubted, was wanting. 
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In some situations the coal-beds and associated strata of 
shales and sandstones, containing the remains of terres- 
trial plants, so alternate with limestones containing marine 
remains, that unequal conditions must have arisen during 
the deposit of the mass of the carboniferous group, and in 
many instances there must have been an alteration of such 
conditions. If violence had attended the transport of the 
plants now converted into coal or discovered fossil in the 
associated beds, the appearance of those in the latter would 
not be as we now find them : instead of appearing as if 
spread out by the botanist for examination, we should have 
had them crushed and disfigured. Moreover tranquillity 
seems requisite to explain the condition of those vertical 
or nearly vertical stems of plants discovered in the coal- 
measures of different situations* where they have been 
gradually enveloped by different beds of sandstone or shale, 
through which they therefore appear to pierce. These 
facts seem to require a slow depression of land beneath 
waters, in such situations that they were not exposed to the 
destructive attacks of waves or powerful streams of water ; 
and if these verticaj'or nearly vertical stems were always 
so situated with regard to associated beds that we might 
presume the absence of the sea, large fresh water lakes, 
such as those of North America, would appear to be 
the localities offering the best conditions for their entomb- 
ment. 

The alternations of limestones containing marine re- 
mains, and of sandstones, shales and coal-beds with no 
trace of a marine creature in them, are exceedingly re- 
markable, and seem difficult of explanation without call- 
ing in the aid of oscillations of the solid surface of the 
earth, by which very gradual rises and depressions are 
effected. In these cases the views of Mr. Babbage respect- 
ing the expansions and contractions of rocks, caused by 
differences in the power of the surface to radiate beat, may 
eventually be found greatly to assist us, more particularly 
when coupled with central heat, which would cause such 
effects very generally at different geological periods. No 
doubt great contractions and slow dislocations of the earth's 

* Geological Manual p. 406. 
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crust, caused by radiation of heat from the earth generally, 
would produce numerous similar effects from the variable 
manner in which the solid surface would be placed rela- 
tively to the waters renting on it; yet when we add the 
variations which might subsequently take place in the ex- 
pansions and contractions of rocks, in consequence of the 
Dew position given to great masses, we obtain great addi- 
tional aid in producing the effects required. 

Tp trace even the probable positions of dry land over 
the European area at the carboniferous epoch would be 
most difficult, particularly when we recollect that what we 
term a geological epoch may include a long series of ages, 
and that thus land may rise and fall, be degraded and re- 
placed, sometimes by the same, sometimes by greater, in- 
tensities of various forces than those the effects of which 
we daily witness, and yet the whole be included in a geo- 
logical epoch, or. rather one during which a particular 
group of rocks has been formed. 

Although over a large part of England, more particu- 
larly the central and southern portions, the manner in 
which the red sandstone group rests upon the carbonifer- 
ous group is such as to show that the latter was disturbed, 
dislocated, and partially removed before the former was 
accumulated upon it, there is great reason to suppose that 
in other parts of the European area deposits still continued 
quietly to be thrown down on undisturbed parts of the 
carboniferous series, so that no real line of separation can 
be well established between them. This, in fact, would 
be nothing more than that which took place relatively to 
the graywacke and carboniferous groups, a portion of a 
given area being disturbed while other portions retained 
their original positions, deposits tranquilly taking place 
upon them. We should expect, if dry land continued long 
to exist at or near the undisturbed portions of a given area, 
that vegetable matter would be entombed in creeks, estua- 
ries, deltas, and other situations. Now it is by no means 
improbable, making every allowance for the deceptive ap- 
pearances caused by the coal-measure sandstones becom- 
ing red, as frequently happens, that the coal of some parts 
of Europe, particularly of Lower Silesia and Bohemia, 
may be equivalent to a part of the red sandstone series. 
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The prevalance of a particular kind of rock, such as 
the rothliegendes, the lowest member of the red sandstc^ne 
group, over a considerable area, often remarkable ftfr con- 
taining fragments of pre-existing rocks of such size as to 
constitute a conglomerate, is certainly exceedingly striking, 
particularly when it is observed that fragments of porphy- 
ries are abundant in many places. In Devon the por- 
phyry is found imbedded in the sandstones in fragments 
which even attain a size equal to three or four tons in 
weight. We will not here repeat what we have elsewhere* 
atated respecting the evidences of violent disruption in that 
part of England, further than to point out that the coast 
between Babbacombe and Dawlish affords excellent op- 
portunities for studying it. 

During the deposit of the rothliegendes, few organic re- 
mains were entombed in Western Europe. When we rise 
above this mass of red sandstones, marls, and conglomer- 
ate, which marks the geat destruction of pre-existing rocks 
over a large area, under circumstances which gave a gen- 
eral red tint to its deposit, we arrive, in the ascending or- 
der, at the second member of the red sandstone series, 
named a zechstein, or magnesian limestone. This is a cal- 
careous'deposit, of a somewhat variable aspect, though the 
extens\pn of the lowest part of it, named the marl slate, or 
copper slate (Ktipferschiefer), from Germany into Eng- 
land is remarkable, when we consider its small depth. 
This deposit is fossiliferous; and certain shells, Producia^ 
now appear in the ascending order for the last time, at 
least as far as observations have yet gone : and we arrive 
at evidence that a saurian, analogous to the present moni- 
tors, existed at or near those places where Mansfeld, Roth- 
enburg-on-the-Saale, Glucksbrunn, &c., are now situated. 
We may therefore conclude that dry land was also then to 
be found in that part of the present European area. The 
copper slate is remarkable for containing numerous fishes 
of a particular genus {Palceothrissum, Blainville, Palao- 
niscus, Agassiz.) which are found in it as well in Northern 
England as in Germany. There is nothing in itself re- 

• Geological Manaal, p. 362. 
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markable in finding the sazne kind af fish' in two places 
not further distant from one another, more than there would 
be in finding herrings on the coasts both of Norway and 
France ;* but they belong to a family of fishes which, ac- 
cording to the researches of M. Agassiz, have not been 
detected above the red sandstone group. He states that 
the genera Acanihodes, Catopterus^ Amblypterus, Palao- 
niscus and Playtysomus, which form part of the family of 
Lspidoides, one that has no representative among known 
existing fish,t are not detected above this group. 

The zechstein has not yet afforded any remains of tri- 
lobites, which were once supposed not to rise higher in 
the series of rocks than the carboniferous limestone : the 
researches of Mr. Prestwich have, however, shown that » 
they are found in the nodules which occur in the coal- 
measures of Coalbrook Dale. The species differ from 
those detected in the lower rocks ; yet the fact of their be- 
ing so found may lead us to suppose that, even among 
European rocks, there may be some chance of discovering 
the family continued up to the zechstein, a deposit whteh 
presents a general zoological resemblance to the inferior 
fossiliferous rocks, while it difiersmore considerably from 
those immediately above it. 

The zechstein does not appear to be a deposit widely 
spread over the European area. As yet it is principally 
known in Germany and England. It merely appears 
that at a given time calcareous matter was thrown down in 
one place and not in another. We should expect to find 
organic remains in it since, the chances are that, when 

* These same fishes occur at several localities in the valley of 
the Connecticut in Massachusetts and Connecticut : as at Sunder- 
land, Middletown, Durham, &c. At Sunderland we bav.e the Pal- 
cboniscus fulluSj and the Euronotus tenuiceps of Agassiz and some 
others ; and probably several new species occur in Connecticut. 
These relics so exactly resemble those from, Germany, that when 
mixed it is difficult to distinguish them. Very fine ichthyolites also 
occur at Southington in Connecticut, in a limited deposit of new 
red standstone on the banks of the Housatonic. It is a very inters 
esting fact that the same remains should occur in areas so widely 
separated as Germany and N. England.— -4?». Ed. 

t Agassiz, Recherches sur les Poissons Fossiles, tom. ii. p. 3. 
Neuchatel 1833. 
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calcareous matter occurs as the zech stein does, we should 
discover organic remains more plentifully in it thait in the 
other associated deposits, always excepting plants, which, 
Tie wed generally, are more abundantly detected in shales 
and sandstones than in limestones. 

A series of beds of sandstone or marl covers the zechs- 
tein : it is of various tints of red, blue, white and green, 
thence known as the variegated sandstone {gres higarre, 
hunter sandstein.) It must not, however, be considered 
that there is anything peculiar in this respect to the rocks 
io question. Such appearances are frequent in various 
mechanical deposits, from the gray wacke upwards, and 
seem merely to depend upon the different states of oxida- 
tion of the iron, and, perhaps, sometimes of the manga- 
nese, in the different beds. They are therefore such as 
may be expected in the rocks of any age. The variegated 
sandstones do no abound in organic remains. Plants 
have been detected in them in Alsace and Lorraine, and 
it is remarkable that they differ from those in the coal- 
measures. 

It is almost needless to observe when we contemplate 
the red sandstone series as a whole, and consider that it is 
in a great measure composed of matter which must have 
been deposited from water where it was, for the time, me- 
chanically suspended, that great variations should be ex- 
pected at' the same geological levels ; here clay or marl be- 
mg found, there sandstone or conglomerate, while, occa- 
sionally, calcareous matter should be dispersed among it, 
under favorable circumstances, in sufficient abundance 
to constitute numerous beds of limestone. We should, 
therefore, expect considerable changes, in fact, precisely 
those which do occur, though often overlooked because they 
are merely from marl to sandstone or from sandstone to con- 
glonverate. When, however, limestone appears, the alteration 
in the character of the deposit is so obvious, and the rock it- 
self employed for so many useful purposes, that this change 
is immediately observed, and we have it recorded. More- 
over, as these accumulations of calcareous matter usually 
contain organic remains, they more readily attract attention, 
and therefore are seldom disregarded. The muschelkalk 
is a calcareous deposit of this kind, found over a more ex- 
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tensive area than the zechstein, but which does not extend 
into the British Isles, at least no trace of it has yet been 
detected in them, notwithstanding the great development of 
the red sandstone group in Great Britain. 

The muschelkalk in the countries where it is found 
pa'sses gradually into the rocks above and beneath : there 
is nothing tg show any violent mechanical action ; on the 
contrary, all tends to prove that the deposits proceeded 
tranquilly in those situations, and that the change was 
simply the substitution of one ftind of matter for another. 
There was, it would ajfpear, a considerable change in ani- 
mal life at this period, at least as far as we can judge from 
the organic remains yet detected in the musohelkalk, which 
being merely negative evidence, is no doubt liable to much 
error. One remarkable circumstance connected with the 
zoological character of this rock is the absence of numer- 
ous species of corals, for as yet one only, Astrea pedicu- 
lata, has been detected in it. Saurians now become more 
common at least their remains have been more abundantly 
preserved ; and we find the genera Crocodilus, Plesiosau- 
rus and Ichthyosaurus, the former of which, supposing that 
its remains are certainly detected in the muschelkalk, has 
continued as a genus to inhabit the face of the globe since 
that early period until the present day, while the two latter 
have disappeared, apparently even before the despositio» 
of the supracretaceous rocks, their remains not having been 
detected in the latter. 

Above the muschelkalk there is an accumulation of 
marls mixed with subordinate sandstones, which have re- 
ceived the name of variegated marls, from the various al- 
ternating tints of blue, green, white, or red, which they 
present. The organic remains as yet detected in thcra 
have been principally discovered in Wurtemburg, Alsace, 
Lorraine, the neighborhood of Boll, and the countries sit- 
uated in that part of Europe. Two genera of saurians, 
not yet discovered in the inferior rocks, Phytosaurus and 
Mastodonsaurus, are discovered in the beds. There is 
also the same Ichthyosaurus (/. Lunevillensis,) which is 
discovered in the muschelkalk, and a Plesiosaurus. We 
may conclude, both from these remains and the shells found 
in the same beds, and of which the analogous genera 
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now inhabit shores and moderate depths, that land was 
not far distant from the situations where these remains 
are now discovered. This conclusion is supported by 
the remains of terrestrial plants found in the same dis- 
tricts. 

It is worthy of remark, that as far as the European area 
is concerned, rock-salt is very frequently distributed among 
the higher parts of the red sandstone series, from which 
circumstance it has sometimes been named saliferous, by 
way of distinction; a term exceedingly objectionable, as it 
would imply either that at this geological period salt was 
more abundantly deposited than at any other, or that it was 
confined to it. Of the former, when we regard the whole 
superficies of the world, and not a minor part of it, such 
as Europe, we soon see that we have no proof whatever ; 
and the latter we are certain is not correct, even when we 
examine the minor area itself ; since salt is discovered in 
other rocks, even among the supracretaceous group. It is 
remarkable that salt,gypsum and dolomite, or rather a mag- 
nesian limestone, are so frequently associated with red or 
variegated marls or sandstones in different parts of the 
world. We know that many of these associations are of 
different geological epochs, and may infer that many others, 
supposed to be identical in distant countries merely be- 
cause their general mineralogical characters are similar, 
may also be distinct. There are many districts in various 
parts of the world where rocks with tiiese characters pre- 
vail ; and we may consider that the respective areas which 
they occupy have been placed under similar circumstances 
when the deposits were thrown down. Hence if we could 
approximate towards a knowledge of the causes which 
have produced the effects observable in one area, we might 
attain a better knowledge of the others, and be enabled to 
infer that a given part of the surface of our planet may 
have been under given circumstances at one, two, three, or 
more geological epochs, as the case may be. 

The carboniferous and^red sandstone groups of Europe 
have presented us with a series of detrital beds, in the low- 
er parts of which a large amount of vegetation has been 
entombed. Local disturbances have here and there inter* 
rupted the quiet deposit of a continuous series of strata, so 
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that we may expert to discover any higher portion of the 
series resting upon disrupted portions of a lower part. 
The greater proportion of the beds of which the whole is 
composed being apparently produced by the transporting 
action of water, we cannot suppose that the beds themselves 
can be continuous over very considerable distances ; one 
must fine off and be replaced by another ; so that, as has 
been previously observed, we may obtain contemporaneous 
equivalents which offer no mineralogical resemblance to 
one another, and which may differ in their organic con- 
tents, particularly at considerable distances, presenting an 
abundance of terrestrial remains in one place and of mar- 
ine exuviae in another, differences of conditions having 
necessarily produced different results. It will be obvious 
that it would be extremely unsafe to consider the coal of 
Australia, India, America and Europe to be precisely of 
the same age, merely because the sandstones and shales 
with which it is associated are generally similar. Even 
if some of the coal in each of these portions of the earth's 
surface were contemporaneous, as- probably it may be, it 
would be equally unsafe to infer that there were not de- 
posits, also contemporaneous, differing wholly from them, 
both mineralogically and as to organic contents, not a trace 
of a terrestrial plant being detected in them.* 

* The science that treats of Organic Remains in rocks, has 
recently been denominated Palaontology. A new branch of this, 
subject is beginning to attract the attention of geologists, which I 
venture to denoininate Jchnitology ; (from e/vo?, h&ag, and Aoyos) 
or an account of footmarks in stone. According to the popular 
belief, such impressions are very common in rocks of £fll ages, and 
some accounts have even been published in scientific works, of 
human footsteps in limestone. But the first authentic case of fossil 
footsteps was described by Dr. Duncan, on the new red sandstone of 
Dumfrieshire in Scotland, in 1828, A sketch of these was given in. 
the Transactions of the Royal Society of Edinburgh, and recently 
a much better drawing in Dr. Buckland's splendid Bridgewater 
Treatise. He considers them as most probably the tracks of a land 
tortoise. Within two or three years, the footmarks of a few species 
of four-footed animals have been discovered in Saxony, on new red 
sandstone. Some of these appear to have been made by the tortoise^ 
some by a small aquatic reptile, and some by an animal belonging 
to the Marsupialia, each alternate track being much smaller than 
the rest. The animal had five toes, and is named by Professor 
Kaup, Cheirotherium, from the resemblance of its foot to the hu- 
i hand. Fine sketches of all these impressions are given by Dr. 
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Buckland in the work above referred to, where is the only good 
account of tbem that I have yet seen. About two years ago, my 
attention was arrested by the discovery of some fossil footmarks on 
the new red sandstone of the valley of the Connecticut : And in 
the American Journal of Science for January 1836, I gave a full 
description of seven distinct and some of them most remarkable 
species, which I denominated Ornithichnites (from oqvig, ix^og, $nd 
Xi6og,) in the belief that they were made by birds. One of these 
tracks is nearly four times larger than that of an African Ostrich, 
the largest bird now living on the globe. 

Within a few months past, my attention has been excited afresh 
to this subject by the discovery of several new localities, in some of 
which the impressions are far more distinct than any previously 
found: as distinct, indeed, as I have ever seen the tracks of any- 
animal in snow or mud. I have already ascertained the existence 
of at least fourteen new specie^y which, with the seven before deter- 
mined, will make twenty one in all, occurring at sixteen localities in 
Massachusetts and Connecticut; the most remote of which afe 
eighty miles apart. Some of these not yet described bear so much 
resemblance to the feet of Saurian animals, that I can hardly sup- 
pose them to have been made by birds of ihe type now living on the 
globe. And yet the evidence thus fafr is all in favor of their having 
been bipeds, with one or two exceptions ; and other characters are 
difficult to be reconciled to the idea that they were real saurians 
such as now exist. Under such circumstances, however, I must 
denominate these tracks sauroid. 

A few weeks since, I found an impression on the flag stones in 
the city of New York, which I have been led to con-^ider as the 
tracks of a marsupial quadruped that moved by leaps. Several 
successive pairs of tracks are seen on one slab, side by side ; there 
bein^ only two toes to each foot. The rock is slatv graywacke, 
obtained on the banks of Hudson river between Albany and the 
Highlands. These tracks are by no means as distinct as those on 
the new red sandstone of the Connecticut valley : but at present I 
must regard them as resulting from a similar cause. Yet if my 
supposition be true, it would establish the remarkable fact, that 
quadrupeds existed on the globe as early as the deposition of the 

fraywacke, the oldest of the fossiliferous rocks ! Hitherto they 
ave been found no lower than the oolitic formation, where Dr, 
Buckland has discovered two speoies of Didelphys, or Oppossum. 
It is, however, an important fact developed by comparative anato- 
my, that marsupial animals are those we should expect to be the 
earliest of the mammalia that would appear on the globe. I would 
not, however, wish to leave the impression that without further ex- 
amination I feel very confident in the conclusion above suggested 
relative to these impressions. 

The statements above made will show that I must enlarge the 
limits of the classification formerly proposed for the fossil footmarks 
which I have discovered. I will give the following as a provisional 
arrangement for all the species hitherto discovered, presuming it 
may need farther modifications to correspond to farther discoveries. 
Those with an asterisk are new. 1 have a great many interesting 
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facts respecting these species, but prefer to delay their publicatioa 
in the hope that I may nave an opportunity, when the summer re- 
tarns, for farther examination. 
I comprehend all the footmarks under the class 

IcHNiTEs. (from i^vog and XiBog.) 
The subdivisions are three. 

1 Tetrapodichnites (from TtrQaTzeg^ &c.) 

* T. didactylus. (dig^ and daxrvXog,) On graywacke, N. York. 

2 SzuroidichniteSj (from aavoog, stSog, &c.) 

• S. Barrattii. Dedicated to Dr. Barralt, of Middletown, the 

discoverer. 
S. palmatus, (Ornithichnites palmatus of my former papejr.) 

• S. minitans. 

• S. polemarchius. (from noXefiaQxtiog.) Toes three, directed 

forward, with a fourth toe coming out like a spur near the 
extremity of a heel larger than that of a man. Length of the 
foot and heel, 14 inches. Length of the step, 4 feet ! A spe- 
cies most formidable in appearance. 

3 OmithichnUes. 
1 Pachydaciyli. (yrajfvs and daitrvXog,) 
O. giganleus. 
O. tuberosus. 

* O parvulus. 

• O. parallelus. (O. tuberosus. a dubius of my former paper.) 

* O. divaricatus. 

• O. cuneatus. • Discovered and named by Dr. Barratt. 

2 Leptodadyli. 
O. in gens. 

* O. robustus. (The O. ingens a minor of my former paper.) 
O. di versus, a clarus, |? platydactylus. 

♦ O. Deanii. Dedicated to Dr. Dean, of Greenfield. 

* O. tenuis. 
O. minimus. 

• O. crassus. 

♦ O. minuscalus^ Foot, less than an inch long, yet very dis- 

tinct. Step, three inches. 
O. tetradactylus. 

* O. gracilis. Four toed. 

Numerous specimens of all the above species may be seen in the 
Cabinet of Amherst College, which is the only place where an en- 
tire collection of them is yet to be found. I am willing, also, for 
an adequate return of specimens, to furnish a complete collection 
of plaster casts and moulds, colored so as to resemble the origi- 
nals, with some specimen^ in the rock. — Am, Editor. 

Amherst, March 1st. 1837. 

18 
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CHAPTER XVI. 

We find above the red sandstone group an accumulation 
of sands, sandstones, marls, clays and lime stones, named 
the oolitic group, because some of its limestones are of 
that kind called oolitic. It is a mere term of convenience, 
like those of 'carboniferous', * red sandstone', &.C., for 
many limestones in other groups are oolitic. A very con- 
siderable change must now have taken place over the Eu- 
ropean area. The waters wherein the detrital matter was 
held in mechaniizal suspension must have been much 
charged with carbonate of lime, so that very few of the de- 
posits thrown down at this period ar^ without calcareous 
matter. Marine animal life was exceedingly abundant 
over a large portion of the same area, so that some beds 
seem composed of little else than the remains of shells and 
corals. Viewed as a whole, there must have been great 
comparative tranquillity over a large portion of the Euro- 
pean part of the earth's surface during the period of the 
oolitic group. Dry land must have existed in the same 
situations ; for we find terrestrial plants which could not 
have been transported far, and even accumulations of them 
constituting beds of coal. 

Reptiles were common, since their remains are so nu- 
merous ; and the researches of botanists show that a per- 
fectly different vegetation from that which preceded it 
flourished over the area under consideration. There was, 
from all the facts brought to light, an entirely new set of 
plants. As far as these facts go, they show that " the prd- 
portional number of ferns was diminished, the gigantic 
Lycopodium-like and Cdctoid plants of the coal-measnres» 
Calamites, and Palms, all disappeared ; vegetation had no 
longer a character of excessive luxuriance, but species, un- 
doubtedly belonging to CycadesB, and analogous plants, 
now natives of the Cape of Good Hope and New Holland, 
appear to have been common. Coniferous plants were still 
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plentiful, but they were of species that did not exist at an 
earlier period. Whether any other dicotyledons than those 
of the Cycas and Pine tribes existed at this time, does not 
appear*." A very striking zoological feature of this group 
is the immense abundance of Ammonites and Belemnites 
which must have existed previous to, and during, its depos- 
it; for notwithstanding the usual chances of destruction to 
which we may suppose they were exposed, myriads of 
their shells have been entombed entire, and not unfrequenf* 
ly the animals /must have been in ihem.f From all analo* 
gy, these creatures are supposed to have been free swim* 
mers in the ocean : the seas occupying the area where the 
oolitic group is found must have swarmed with them. We 
do not through them attain a knowledge of the probable 
depth of water at the time ; but as they are not unfrequentlv 
associated with marine genera, the analogues of which 
at the present day are inhabitants of shallow water or 
moderate depths, we have no reason to infer the existence 
of a deep sea, but on the contrary one of moderate depth. 

The lias forms the lowest part of the oolitic group, and 
is remarkable for preserving a general character over a 
large part of Western Europe. In some places it appears 
to pass gradually into the group beneath it, while in others, 
as is the case in England, there has been a break in the de« 
posit of matter at a given time. The detritus of which 
the lias is composed must have been extremely commino* 
ted, and have been mixed with calcareous matter at partic* 
ular times, more especially in its lower portions, on a sur- 
face extending over a considerable part of Europe. Among 
the reptiles which seem to have abounded at the time of the 

* Lindley and Button's Fossil Flora of Great Britain. Pre&oe, 
vol. i. 

+ 173 species of Ammonites and 65 species of Belemnites have 
been enumerated as detected in the oolitic group. There is pro- 
bably error as to the exact number of species of both these genera, 
shells in different stages of growth havmg been sometimes consid- 
ered as distinct, and perhaps the latter having been unnecessarily 
multiplied from a desire to form new species ; but still the number 
really distinct must be considerable. Numerous, however, as the 
species may be, the numbers of individuals found fossil in the oolitic 
group is still more remarkable. 
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lias, we detect some, such as the Pterodactyli, Plesiosaun, 
and Crocodiles, which must have required dry land and creeks, 
bays and other sheltered places. Plants, frequently well 
preserved, appear to show that land was not ^r distant 
We therefore endeavor to discover the situations where we 
may consider such land to have eicisted. Here, however, 
our data fail us. We may indeed assume that the gray* 
warke of Normandy and Brittany rose out of the waters 
of the period, since the oolitic rocks quietly cover up their 
tilted strata, filling pre-existing inequalities; and we might 
infer the same wuh respect to other districts. The Europeaa 
area has, however, been so broken up^y dislocating causes 
and so often abraded by the action of water since the period 
of the lias, and indeed of the whole oolitic group, that we 
can make little advance in inquiries of this kind. 

The saurian remains of the lias, both in England and 
Germany, very frequently present little appearance of hav* 
ing lain long exposed to the effects of decomposition be- 
fore they were entombed ; on the contrary, many skeletons 
of Ichthyosauri show, by the contents of their stomachs 
still remaining between their ribs, while there are even 
traces of skin upon their bones, that their death must have 
been speedily followed by their envelopment in the detrital 
matter of the lias, if indeed* they were not often entombed 
alive4 The lias frequently contains a large quantity of 
the excrements of the various creatures which existed at 
the time ; and it not unfrequently happens that there are 
lines of these coprolites at various levels in different lo* 
calities, as if the muddy bottom of the sea received small 
sudden accessions of matter from time to time, covering 
up the coprolites and other exuviss which accumulated 
•during the intervals. 

It would far exceed our limits to 6nter upon the infer* 
ences which might be deduced from the various facts that 
are known respecting the oolitic group; we must therefore 
content ourselves with a general glance at it as a whole« 
TThe lias of Western Europe may be considered as a de- 
posit of finely comminuted detritus, in which, though cal- 
careous matter is not rare, it was only occasionhUy suffi- 
cient to produce limestones. The sands of the inft^rior 
oolite, into which the lias passes upwards^ range over a 
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considerable area, extending from Northern far into South- 
ern Europe ; the causes, therefore, which have produced 
thetn have been equally general, and their mineralogical 
character shows a general change of the bottom of the sea 
upon which they were accumulated ; instead of being mud, 
it gradually became arenaceous, and finally calcareous, in 
the beds known as the-inferior ooliie itself Calcareous 
matter is, indeed, not wanting in the sands, btJt we are not 
certain how much of it was present in the actual deposit, 
and how much may have been added to it by the subse- 
quent percolation of calcareous matter downwards from 
the limestones of the oolite. In many places, extending 
from England to the Jura chain, grains or small nodules of 
hydrate or oxide of iron are common in the inferior oolite, 
so much so as to afford iron for the foundries in the depart- 
ment of the Haute Saone. 

The next portion of the oolitic group is highly interest- 
ing, as its organic contents poipt to the proximity of dry 
land at that period over a part of the European area ex- 
tending from Northern England and Scotland into Germa- 
ny. Terrestrial plants abound in these situations, the ac- 
cumulations of them being frequently sufficient to produce 
beds of coal. Among thei^ Mr, Murchison considers he 
has observed vertical stems of Eguisetum columnare in 
sufficient abundance and over a sufficient area to justify bim 
in concluding that a considerable area gradually sunk so 
quietly, that these plants became tranquilly imbedded in 
the matter which accumulated around them. When we 
examine the beds which are apparently equivalent to these 
in the southern parts of England, we find marine, and an 
abundance of calcareous matter, the various strata into 
which they are separated being grouped by geologists into 
emaller portions, known in the ascending order by the 
names of fuller's earth, great or Bath oolite, Bradford clay, 
forest marble and cornbrash. Now it is a highly interest- 
ing fact that a remarkable accumulation of organic'exuviae 
at Stonesfield, among which are the remains of the only 
roam miferous creature yet delected beneath the suprecreta- 
4!eou8 group, has be^n found by Mr. Lonsdale to be a low- 
er portion of the great oolite. These repnains have been 
considered referable to those of a Didelphis, or of an an- 
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alogfous quadruped, and to have belonged to two species. 
With them we find the remains of terrestrial plants, of 
marine shells, of a huge saurian, the Megalosaurns Buck- 
landi, and bones which probably belonged to a winged 
terrestrial reptile the Pterodactyl us. We may therefore 
infer that immediately succeeding the the period of the 
inferior oolite, and while the great oolite of Southern Eng- 
land was forming, dry land extended towards the area now 
occupied by the central *part of our island. Such land 
may indeed have constituted islands, and eventually there 
may have been extensive coral reefs, since polypifers 
are common in the upper part of the great oolite itself, 
both in Southern England and in Normandy. 

After this period a larger part of the oolitic area was 
probably again submerged ; for \te find a mass of clay, 
continuous over considerable distances, and containing 
marine exuviae, covering over the terrestrial remains, 
which were so common ip Northern Britain and a part of 
Germany. The remains of saurians, among w^hich are 
those ot crocodiles, being however often detected in it at 
different points, we may still suppose the existence of dry 
land, in various parts of the area, though changes in the 
relative situations of land and water had produced such 
physical differences in parts of it, that mud was common- 
ly deposited, while quantities of terrestrial plants were no 
longer 'accumulated in particular situations. Arenaceous 
matter was, however, again thrown down over a large 
part of the area, and was succeeded by a calcareous de- 
posit, the former known as (the lower) calcareous grit, 
and the latter by the name of coral rag, from the abund- 
ance of polypifers detected in it. Coral reefs abounded over 
the area once covered by deep mud, arenaceous matter be- 
ing first accumulated upon the latter. This change is suffi- 
ciently remarkable, but is rendered still more so by being 
similar to other changes which succeed, the calcareous 
rocks being first covered by an arenaceous deposit (the 
upper calcareous grit), to which another accumulation of 
mud (the Kimmeridge clay) succeeds; this is again cov- 
ered by sands (the Portland or Kimmeridge sands), and 
the whole group is crowned by limestones (the Portland 
oolite). 
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' We are not to suppose such changes in the bottom of a 
sea occupying a given area to be constant over the whole 
area ; but the extent to which each of them has been 
traced is exceedingly remarkable. The clay beds can be 
followed, as might be expected from the fine condition of 
the detritus irom which they have been produced, with 
similar general characters, over larger areas than the sands 
or sandstones ; and the calcareous deposits, as far as regards 
similarity of structure, over smaller areas than the sands. 
There are necessarily numerous minor changes resulting 
from the operation of minor causes ; but the general char- 
acter of the whole oolitic group over a large part of West- 
ern Europe is remarkable. 

There can be little doubt that this group, greatly ex- 
panded in thickness, and mixed with sandstones, marls 
and slates, possessing a very different aspect from the 
equivalent rocks in a large portion of Western Europe, 
extends over various parts of Eastein Europe. There 
can also be little doubt that it constitutes a large part of 
the calcareous Alps, extending into Italy and the countries 
of South-eastern Europe. Its mineralogical appearance is 
more that of thegraywacke series, showingthat.there have 
been different modifyingcircumstances, producing different 
though contemporaneous results, in different parts of the 
whole European area. While an abundance of organic 
remains characterizes the Western portion, fewer organic 
exuviae are found in the eastern part. We may readily 
suppose shallow water, perhaps interspersed with land, in 
the one situation, while deeper water and less land occur- 
red in the other. 

We must not omit to notice that singular collection of 
organic remains in certain calcareous rocks, known as 
lithographic slates, and which occur at Pappenheim, So- 
lenhofen, and Manheim near Eichstadt. They are con- 
sidered to constitute the highest part of the oolitic series of 
Germany. In these beds *are entombed the remains o^ 
six species of that extraordinary flying reptile the Rero- 
dactylus, and with them the exuviae of numerous insects, 
(Libellula, ^schna, Agrion, Myrmeleon ? Sirax? and 
Solpaga ?) which probably constituted their prey. Among 
the reptiles we have also the remains of the Geosarus, 
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Lacerta, Rhacheosaurus, j^lodon (Crocodiius, Jaget,) 
and the Pleurosaurus. We may henc-e assume. the prox- 
imity of dry land. The Crustacea found in these beds con- 
sist of Pgigurus, Eryon, Scyllarus, PalaBmon and Astacus, 
probably frequenting coasts. There are several molluscs, 
and among them one named Aptych us (Meyer) of a singu- 
lar form. We may readily suppose the whole deposit to 
have been effected on a coast where the water was not 
deep, on the shores of which the Pterodactylus chased its 
insect prey. The plants noticed in the deposit are marine, 
which may easily have been entombed, as Fuci now are, 
in similar situations. When we reflect that there is evi- 
dence of the existence of dry land in Southern England^ 
immediately succeeding the deposit of the Portland oolite, 
and that a considerable amount of sands and clays, known 
as the Wealden Bocks, show that such dry land continued 
to exist for a considerable period in the same part of the 
European area, the Solenhofen beds acquire additional in- 
terest ; since, though they may not be precisely contem- 
poraneous with the Wealden deposits, they show dry land 
at nearly the same epoch in the place now constituting 
part of Bavaria, and in that now occupied by South-eas- 
tern England. 

It is only necessary to take a common artificial globe 
in our hands to see the small portion of its superficies rep- 
resenting the whole area of which we have been treating. 
Contemporaneous rocks were no doubt produced in nu- 
merous other parts of the earth's surface; and there is 
reason to conclude that rocks with somewhat similar or- 
ganic remains have been found connected with the range 
of Himalayan mountains. Time must necessarily elapse, 
and observations be greatly multiplied, before any large 
portion of the earth's surface can be brought, as it were, 
under the immediate view of the geologist, — even before 
he can estimate the probable condition of a fiftieth part of 
'such surface at any given period. There is, however, evi- 
dence in the area treated of to show a considerable change, 
both in the nature of the deposit thrown down at the epoch 
of the oolitic group, and in the organic remains detected 
in it, from the condition of the same area at the time of 
the red sandstone series. Carbonate of lime greatly 



Digitized 



by Google 



WSALDBN ROCKS. 281 

mare abounds in the one than in the other; indeed 
the spread of this substance over a large corrtparatiye area 
at this period is a remarkable fact. How far other parts 
of the northern hemisphere may present us with equiva- 
lent rocks, no\V above the level of the sea, future observa- 
tions must determine; and it will be exceedingly interest- 
ing to observe, as facts become multiplied, how far the gen- 
eral organic structure of life may have been similar at- 
this period, or how far advances may have been made 
to that diversity of distribution which we now observe, 
assuming that at the earlier fossiliferous epochs there was 
a greater approa'ch to uniformity. At present it seems to 
be considered that rocks equivalent to the oolitic group 
have not been detected in North America. There is, how- 
ever, so much of that great area of dry land still unex- 
plored, that no inferences can fairly be drawn from the facts 
yet known on this head. 

There is evidence immediately above the oolitic group 
in Buckinghamshire, the Vale of Wardour, the vicinity of 
Weymouth, and in the Boulonnois that dry land existed 
in such situations, and that trees and plants analogous to 
those now growing in warm climates fiourishjed upon it. 
In the vicinity of Weymouth these plants remain rooted 
in, or fallen upon, the soil on which they grew, though 
covered up by more recent deposits. The soil thus pre- 
served is named the dirl-bed: in it, or rather them, for 
there appear to be two or three of these dirt'beds, we oc- 
casionally detect rounded pebbles of the inferior rock. 
There is,- however, no evidence of the violent action of 
water generally on the surface of the Portland beds on 
which they rest, so that we may consider the pebbles 
as resulting from causes similar to those constantly in ac- 
tion on shores and in rivers. As the whole is based on a 
rock, replete with marine remains an elevation of this 
rock, and in this place, must have preceded the growth of 
terrestrial plants upon it. 

Above this dry land a series of deposits has been thrown 
down, characterized by the presence of terrestrial, fresh- 
water, or estuary remains : and as these rocks are well 
developed in the Weald of Sussex, they have been named 
Wealden Rocks. The exact area occupied by the deposits 
thus characterized cannot be ascertained, since they have 
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been covered by the cretaceous series, the removal of which 
by denuding causes has permitted us to know that they have 
existed. The great extent of these rocks obgervable in the 
Weild of Sussex has been brought to light by an elevation 
of land in that point, and by a subsequent removal of the 
superincumbent cretaceous series. As far as we can per- 
ceive, the isouth-eastern part of England appears to have 
been the deepest portion of an estuary, into which detrital 
matter was drifted, and entombed the organic remains 
above noticed. We have seen that in the vicinity of Wey- 
mouth dry land existed immediately preceding the deposit 
of the Wealden recks ; and it does not appear, from the 
the facts there observable, that these rocks extended much 
to the westward of that point, since the cretaceous series 
quietly overlaps the various members of the oolitic group 
in a western direction. 

The Wealden rocks are composed, in the ascending or- 
der of various limestones, alternating with marls, named 
the Purbeck beds : of numerous strata of sand and sand- 
stones, often ferruginous, and occasionally intermingled 
with shales, named the Hastings sands from being well 
developed at that place ; and of a clay known by the name 
of the Weald clay. We are indebted to Dr. Fitton for 
pointing out the true nature of this remarkable series of 
beds, and thus showing that there must have been an ex- 
tensive estuary, or some analogous collection of brackish 
or fresh waters, at this given epoch in a particular portion 
of the European area. The organic contents of these beds, 
though not numerous as regards species, are highly inter- 
esting. We learn from the labors of Mr. Mantell that 
a huge reptile, more resembling the Iguana in its osteolo- 
gy, particularly in its teeth than any known creature of 
the present day, (and thence" named the Iguanodon,) roam- 
ed on the shores of this lake or estuary, living probably 
on the plants now found fossil with it Its reptile 
companions were no less remarkable; for the estuary and 
its banks were tenanted by the HylaBosaurus (another fos- 
sil reptile brought to light by the labors of Mr. Mantell,) 
the Megalosaurus and the Plesiosaurus, all genera which 
no longer exist on the face of the earth. We have seen 
that the two latter were entombed in rocks previously de- 
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posited, but the genera Iguanodon and Hylseosaurus now 
appear for the first time, as far at least as researches have 
yet gone. Being apparently terrestrial creatures, and 
therefore the chances of the preservation of their bones in 
rocks being far less than if they were marine, it cannot be 
stated that they were now first created, since we are con- 
sidering phaenoraena observable on a mere point of the 
earth's surface, and since a combination of circumstances , 
is required not only to preserve their remains, but also to 
expose such remains, when preserved, in situations where 
they can be examined. With these extinct genera we 
find the exuviae of the Crocodile, Trionyx, Emys and Che- 
Ionia, so that there was no want of reptiles irf the district 
in which the deposits under consideration have been pro- 
duced. 

If we consider these rocks to have been formed in an 
estuary, and not in an isolated mass of water, we should 
suppose that there must have been a considerable tract of 
dry land over the surface now occupied by Southern Eng- 
land and Northern France at this period. We have ob- 
served that the trees in the dirt-bed in the neighborhood 
of Weymouth stand in, or rest upon, the soil in which 
they grew.; consequently their submersion beneath the 
water in which the Purbeck beds were formed, and which 
now cover them up, must have been gradual and unaccom- 
panied by a rush of waters. Had there been a violent 
wash of waters, or had the land been long exposed to the 
destructive active action of breakers, the trees and the soil 
would have been speedily removed. Hence not only must 
the submersion have been gradual, but the soil also could 
not have been exposed to any considerable surface of water, 
which, either fresh or salt, would have rolled in breakers 
on the coast, unless indeed it were protected by trees anal- 
ogous to the mangroves of the present tropics. 

We have reason to suppose that the land was gradually 
depressed in this part of the European area in sue ha manner 
that the resulting cavity was occupied by fresh water, and 
that, either from differences in level or other causes, the sea 
did not flow freely into it. Much calcareous matter was 
first deposited, and in it were entombed myriads of shells, 
apparently analogous to those of the Vivipara. Then 
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came a thick envelope of sand, sometimes interstratified with 
mud, and, finally, muddy matter prevailed. The solid surface 
beneath the waters would appear to have suffered a long-con- 
tinued and gradual depression, which was as gradually filled, 
or nearly so, with transported matter ; in the end, however, 
after a depression of several hundred feet, thesea again en- 
tered upon the area, not suddenly and violently for the Weal- 
den rocks pass gradually into the superincumbent cretaceous 
series, but so quietly that the mud containing the remains 
of terrestrial and fresh water creatures was tranquilly cov- 
ered up by sands replete with marine exuviae. The de- 
pression did not, however, stop here, or rather the differen- 
ces in the levels of the sea and land in this particular part 
of the earth's surface continued to increase in such a man- 
ner, that the bed of the estuary or lake, in which the 
Wealden rocks w^ere formed, became depressed at least 
300 fathoms beneath the level of the sea, and, as it 'would 
appear, in a most gradual manner, for there are no marks 
of violence in the cretaceous rocks that repose upon th e 
Wealden deposits. 

As estuaries of the kind above noticed must necessarily 
occupy a comparatively limited area, the effects produced 
must, to a certain extent, be local, if even we suppose that 
the estuary character of the deposits extended over a sur- 
face equal to any modern river-delta. Contemporaneous 
littoral deposits which should form continuous portions 
with the sand, mud, or silt brought down by the river, 
would, we should conceive, be full of marine remains, pre- 
cisely as on the coasts of Africa or America, at the pres- 
ent day, long lines of coast must contain, in the same con- 
tinuous surface of soundings, either marine or estuary re- 
mains, according as large rivers do or do not pour their 
waters into the ocean which bathes the coast. W^here, 
therefore, circumstances were favoiable, we should expect 
to discover marine equivalents of the Wealden rocks, 
which from all appearances must have required a long 
lapse of time for their production, It has been considered 
from the fresh-water character and geological position of 
certain beds in the Pays de Bray, near Bauvais, where a 
denudation of the cretaceous series exposes the inferior 
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rocks* that these deposits are equivalent to the Weal den 
deposits. This may be perfectly true, and yet the deposits 
not be continuous portions of detrital matter thrown down 
in the same delta or estuary. Perhaps we shall never 
possess sufficient evidence to show that they either did or 
did not constitute different pans of the same delta or estua- 
ry :* but if they did, we should, from analogy, infer that a 
large surface occupied by dry land was necessary to the 
production of a river equal to the ftuorra or the Ganges. 

Certain rocks with marine remains occur in different 
parts of Europe, in France, Switzerland, Germany and 
Poland, which occupy a situation intermediate, as it were, 
between the cretaceous and oolitic groups, and therefore 
equivalent to the Wealden rocks. It is evident that there 
must have been marine equivalents of these rocks, and 
from all analogy we may conclude that such marine equiv- 
alents were greatly predominant even in the European 
area, itself of trifling extent compared with the superficie* 
of the globe. 

Above these Wealden deposits we find the cretaceous 
series, which from its extent must have resulted from caus- 
es not only common to the European, but also to at least a 
portion of the Asiatic area, since it is evidently found in 
that part of the world.. Viewed generally over a consider- 
able portion of the surface covered by it, the well known 
rock, called chalk, is based either upon an arenaceous or 
argillaceous deposit, the mechanical origin of which can 
scarcely be doubted. As we cannot expect uniformity in 
the distribution of detritus, unless under conditions which 
could scarcely ever obtain, we should anticipate that sands 
would predominate over one part of the area, and road 
or silt over another, that there would occasionally be alter- 
nations of these substances, and that frequently particular 
deposits of sands or mud would be found continuous over 
comparatively extensive surfaces. It is not to be expected 
that the divisions of the lower part of the series into upper 
green-sand, gault, and lower green-sand can be traced to 
great distances from the southern portions of Great Britain, 
where these distinctions have been found so useful. As, 
however, their continuity with similar characters is re- 
markable in Englandi and Shows the uniform operation of 
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giTeii causes somewhat extensively, we may anticipate, that 
with due attention and allowances for local variations, anal- 
ogous divisions may be detected over some parts of the 
neighboring continent, as indeed, appears to be the case in 
part of Northern France and in its continuation into the 
cretaceous district of Aix-la-Chapelle. 

The upper portion of the series is is exceedingly re- 
markable for the constancy of its mineralogical characteis 
over a surface extending from Northern France, through, 
the British Islands, Northern Germany, Denamrk, and 
Sweden, into both European and Asiatic Russia. Now 
although equivalents of the cretaceous rocks are abundant 
in other p&rts of Europe, to the southward and eastward 
of this range of white chalk, they generally possess a 
somewhat different character, compact grey and dark-col- 
ored limestones and compact sandstones being apparently 
of the same geological age as these white chalk rocks. 
This difference necessarily points to a modification of ori- 
gin, so that we should anticipate some circumstances, pro- 
ductive of this remarkable white calcareous rock, to have 
existed over a considerable curved portion of surface not 
common to the whole European area. 

We can scarcely considei that the white chalk was pro- 
duced along a line of coast to which nothing but this cal- 
careous matter, mixed with silica, was borne down ; since 
this would suppose a state of things so utterly unlike that 
at present existing, or which we should imagine ever like- 
ly to have existed, that we seem compelled to seek some 
other explanation for the phsenomena observed. The 
white chalk has more the appearance of a chemical depos- 
it, or rather one resulting from a quick precipitation of 
carbonate of lime from solution in water, by expelling an 
excess of carbonate acid which kept the carbonate of lime 
in solution. If (he waters were suddenly heated, a quick 
precipitate would ensue, and thus we might obtain the fri- 
able carbonate of lime. This is, however, not the only 
condition required. There is an abundance of silica, 
which, from the mode in which it is deposited, we should 
infer had been in solution. Now the abundance of silica 
which has separated from the chalk generally is very con- 
aiderable, so that we require an abundant solution of silica 
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as well as of carbonate of lime. We must also not forget 
that numeroas marine creatures existed at the time, so that 
if. the mass of chalk were deposited slowly, the conditions 
necessary for the support of animal life also existed. The 
question would therefore arise; has the mass of white 
chalk been slowly or somewhat suddenly produced? 

Organic remains are in general beautifully preserved in 
the chalk : substances of no gfreater solidity than common 
sponges retain their forms, delicate shells remain unbroken, 
fish even are frequently not flattened,* and altogether we 
have appearances which justify us in concluding that, since 
these organic exuviae were entombed, they have been pro- 
tected from the effects of pressure by the consolidation of 
the rock around them, and that they have been very tran- 
quilly enveloped by exceedingly fine matter, such as we 
should consider would result from a chemical precipitate. 
How far the white chalk may have been the result of sud- 
den precipitation, or of a succession of sudden precipita- 
tions, it would be difficult to say; but that the carbonate 
of lime itself fell gently upon the matter beneath it, and 
speedily became consolidated, seems proved by the condi* 
tion of the organic remains found in the chalk. 

Let, however, the origin of the white chalk have been 
what it may, the conditions for its production did not, as 
above observed, extend over the whole area occupied by 
the cretaceous series. It is not to be supposed that a large 
portion of the earth's surface would be covered by thi« 
fine precipitate of carbonate of lime at the same time ; on 
the contrary, we should expect to discover rocks of equal 
age, formed in the ordinary way from the deposit of detri- 
tus, entombing organic remains in the common favorable 
situations. Where rocks have not been continuously tra* 

* The author remembers to have seen some specimens of fish from 
the Sussex chalk exhibited to the Geological Society by Mr. ManteU 
which were particularly remarkable in this respect, the fins project- 
ing as if they were swimming in the water j their appearance be- 
ing thus so very difierent from the fossil fish usually discovered, the 
fins of which are almost always compressed. The author was par- 
ticularly struck with the fact at the time, as it seemed to show the 
kind of light precipitate in which they appear to have been entang- 
led prior to their death. These beautinn specimens are probably 
still in Mr. Mantell's collection. 
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eed, it is always difficult to be certain that we have an ex- 
act equivalent of a given part of a series at distant places. 
Various modi/ying causes would obviously produce difTer- 
ences difficult to determine. According to M. Dufrenoy, 
the salt of the celebrated Cardona mine occurs in the up- 
per part of this series, as is also the case with the rock* 
salt of Mon Real. At Angouleme the inferior arenaceous 
fcoks of the series are crowned by a limestone almost sac* 
charine. Again, in the Alps, Apennines, and the countries 
extending from Greece east\v,ard in Asia, the cretaceous 
rocks assume a character different from those of Western 
Europe. 

A great abundance of organic remains has been detect- 
ed in the cretaceous series, amounting to about 160 genera, 
and 768 species, and it has been found that the latter, with 
a few doubtful exceptions, differ from those detected in the 
inferior groups, over those areas at least where they have 
yet baen examined. Terrestrial plants are distributed, 
though perhaps not very abundantly, among the inferior 
sands and clays of Western Europe, many pieces of wood 
showing by their condition and the holes drilled in them 
by the Teredo, or analogous creatures, that they have been 
long drifted on the ocean. In the white chalk, however, 
marine plants are detected, and terrestrial plants must be 
very rare, since their presence has been much questioned; 
though why we should not expect to find them does not 
appear clear* Their general absence, from a large part of 
the white chalk area, seems, however, to show that dry 
land whence plants may have been drifted was not com- 
mon near such portions of the white chalk. Hence we 
may conclude that at the epoch of the cretaceous series 
there was a very general difference, over a considerable 
part of the European area, in the condition of such part of 
the earth's surface from that presented at the epoch which 
immediately preceded it. There was, however, an accu- 
mulation of vegetable matter, sufficient to produce coal, 
even so near the great mass of rocks in which plants are 
scarce as Pereilles near Bellesta, Ernani near Iron, and at 
St. Lon in the Landes, where, according to M. Dufrenoy, 
coal is found in this series. Coal is also stated to occur 
in a cretaceous sandstone near Quedlinburg. 
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As yet no remains of maromiferous animals have been 
discovered in the cretaceous series ; and the exuviae of 
reptiles are by no means common, presenting in this re- 
spect a marked difference in its zoological character from 
that of the oolitic group which immediately preceded it. 
Hence we might infer that dry land was not so abundant 
in the European area at the cretaceous, as at the oolitic 
epoch. The remains of a crocodile have been found in 
the chalk of Meudon, and exuviae of a large reptile, the 
Mososaurus, at Maestricbt and in Sussex. The remains 
of £bh are not so rare, and it may even be said that fish- 
teeth, apparently those of sharks, are somewhat common. 
Molluscs were entombed abundantly at this epoch. Am- 
monites, though still frequently found, do not appear to 
have been so common as at the oolitic period, when they 
must have swarmed in the seas now replaced by the dry 
land of Europe. Other camerated shells, however, Sca- 
phites, Hamites, Turriliies and Baculties, were now com- 
paratively abundant. Indeed at one time these genera 
were supposed lo be peculiar to the cretaceous series ; but^ 
since Hamites and Scapbites have been detected, though 
very rarely, in the oolitic group, we may anticipate that 
the other genera may hereafter be observed in other rocks, 
particularly in distant parts of the world. From analogy 
we should expect^hat no very considerable depth of water 
was required for the various molluscous genera found fos- 
sil in the cretaceous rocks. The JEchinite family may 
perhaps be considered to have been abundantly distributed 
at this epoch, more particularly during the production of 
the white chalk. Corals, generally speaking, ao not seem to 
have prevailed in the seas to the same extent as at previous 
periods, while the spongiform zoophytes seem to have been 
more abundant. We should, however, be somewhat cau- 
tious in the latter inference, since so much must depend on 
those circumstances which could preserve bodies so easily 
destroyed, and which appear to have been highly favora- 
ble at the period of the white chalk. 

Like all other deposits which require considerable time 

for their production, we should expect to discover rocks, 

equivalent to the series under consideration, in various 

parts of the world, where circumstances had been so far 

19 
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fiiTorable that they have been subsequently elevated above 
the surface of the waters in which they were formed. I>r. 
Morton has described a series of fossiliferous beds in North 
America, which he infers, from their organic contents, 
were produced at the same time with the cretaceous^ rocks 
of Europe. The evidence on this head, if we take organ- 
ic remains as our guides, would certainly' lead to this in- 
ference, and therefore we may consider the American fer- 
ruginous sand formation (the name given to this deposit) 
fis equivalent to the cretaceous series of Europe until evi- 
dence be adduced to the contrary, though, from the facts 
known respecting it, we should rather anticipate that fur- 
ther research would confirm the inference, since its con- 
nexion with superior rocks points to considerable general 
analogy between European and American deposits of this 
particular date. Assuming that there can be no doubt of 
the determination of the saurian remains detected in the 
American deposit, we find that the Mososaurus existed in 
that part of the earth's surface, at least as a genus, ^at the 
same time that it lived in that portion now occupied by 
Europe, and that it was also accompanied by Crocodiles, 
the remains of which are stated to be abundant. It is in- 
teresting also to observe that the Plesiosaurus and Geosaa- 
Tus (saurians the remains of which have not been yet dis- 
covered so high in the series as the cretaceous ro^ks of 
Europe,) are associated with the exuvise of the Mososau- 
rus in America. Another creature, the Saurodon, found 
in* the ferruginous sand of America, has not yet been no- 
ticed in any European rock. 

A considerable portion of dry land was probably sub- 
merged in the European portion of the earth's surmce to 
permit the deposition of the cretaceous series, which seems 
to have overlapped a large area, occupied by a great vari- 
ety of pre-existing rocks, from the gneiss and mica-slates 
of Northern Europe to the oolitic and Wetldeo df posits of 
more southern countries inclusive. This condition of the 
European area was destined to suffer a great change ; the 
chalk was brought within the destructive action of waters; 
its surface over a considerable part of Western Europe 
was eroded ; and the harder portions, consisting of flints, 
fQr the most part remained on its eroded surface, frequent- 
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Iv showing ,by their lingular condition, that they have nei- 
ther suffered transport to considerable distances, nor any 
great amount of attrition during either long or short pen« 
ods oi time. There must have been a considerable rise 
in the mass of chalk, and probably of at least a large por- 
tion of the European area, relatively to the level of the sea, 
so that dry land existed, in places which had previously 
been occupied by sea, supporting vegetation, and eventu* 
ally an abundance of terrestrial animal life. 
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CHAt^TER XVII. . -- 

TitK suptacretaceous deposits are very commonly termed 
Tertiary. This is, however, a name exceedingly objec 
tionable, as it would imply that there are three great 
classes of rocks possessing marked characteristic distinc- 
tions, and that the deposits above the chalk constitute the 
third of such classes. Wh«n MM. Cuvier and Brongni- 
art communicated to the scientific world their valuable la- 
bors on the rocks above the chalk round Paris, the chalk 
itself was considered the highest known rock, and the su- 
pracretaceous deposits as mere superficial sands, gravels, 
or clays. Hence, when it was found that the Parisian 
beds did not pass into the chalk beneath, but thatlhe sur- 
face of the latter had evidently been abraded prior to the 
deposition of the former, and that the organic contents of 
the Bupracretaceous rocks differed so remarkably from 
those of the chalk, it was natural to impose the term tertia* 
ty upon the the supracretaceous deposits of the neighbor' 
hood of Paris, as rocks were then divided into two great 
classes, the Primitive and Secondary, between which was 
a kind of ambiguous class known by the name of Transi- 
tion, the chalk constituting the highest of all the rocks then 
admitted by geologists. It is not, however, to be suppos- 
ed that a great break took place at this time in the depos- 
its over the whole surface of our planet, neither should we 
anticipate that even in the European area itself we shoOld 
everywhere detect a solution in the continuity of deposits 
formed at this epoch. We should rather consider that as 
other groups of rocks pass into each other in one place, 
while there is evidently a geological break between them 
in another, tharthe like should happen with respect to the 
cretaceous and supracretaceous groups. The graywacke 
is separated from the carboniferous group in Northern 
England in a manner which shows far greater violence 
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than any facts, yet brought to light, would lead us to sus- 
pect had occurred at the time intervening between the for- 
mation of the cretaceous and supracret^ceous rocks of 
Western Europe, and yet we see that in Southern England 
the graywacke gradually passes into the carboniferous 
group. A priori, therefore, we should anticipate that, in 
the European area itself, we should detect a passage of the 
cretaceous into the supracretaceous series. Now Profes- 
sor Sedgwick and Mr. Murchison consider that they have 
detected such passages in certain rocks of the Alps, at Go- 
sau and other places ; and the researches of M. Dufrenoy 
would lead to the same inference. At Maestricht there 
are evidently beds above the chalk not commonly found in 
the cretaceous districts; somewhat similar deposits also 
occur in Normandy. At Maestricht, however, the upper 
surface has been abraded prior to the production of the 
superincumbent beds, so that they do not pass into one an- 
other. But as we do not know the amount of matter re- 
moved by denudation prior tb the deposit of the superin- 
cumbent beds, we are by no means certain that there may 
not be an absence of numerous beds, which once existed, 
and which have been swept away. We only learn the 
probable existence of many other rocks; over areas no 
longer extensively occupied by them, from patches which 
have here and there remained, and resisted the denuding 
forces that have carried away many cubic miles of solid 
matter from given areas. A considerable change no doubt 
. was effected over a large part of the surface now occupied 
by Europe, but when we take a common artificial globe 
into our hands and see what that area is, we readily per- 
ceive the insufficiency of the data on which it is attempted 
to found a grand system of rocks applicable to the whole 
surface of the earth. 

The supracretaceous rocks constitute a large portion of 
the dry land of Europe ; and numerous memoirs have 
been written to show the probable amount of surface occu- 
pied by various lakes and seis in which numerous terres- 
trial, fluviatile, lacustrine and marine remains have been 
imbedded. To enter upon the probabilities of the exist- 
* ence of the various minor areas, noticed as either occupied, 
by water or dry land, as the case might be, would far es. 
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ceed our limits. There is evidence to show that number- 
less changes requiring a great lapse of time have taken 
place between the deposit of the chalk and the present or- 
der of things, and that as we approach the latter ,*there has 
been a general increase of dry land on this part of the 
earth's surface. 

Among the various complicated changes which have 
taken place at the supracretaceous epoch it has been con- 
sidered the better plan to arrange rocks referrihlc to it ac- 
cording to their organic contents ; those deposits being con- 
sidered the most modern which show the greatest ap- 
proach, in the organic remains found in them, to the ex- 
isting animal and vegetable life of the countries wherei 
they may be situated. Though it has long been the opin- 
ion of geologists that the newer the deposit the greater 
the probability of detecting the remains of existing animals 
and plants in such deposit, yet no general divisions of the 
supracretaceos rocks founded on this principle were until 
lately attempted for the European rocks of this age. In- 
deed it was long supposed that all supracretaceous rocks 
were referrible to some one or other of those found in the 
vicinity of Paris. The first general advance beyond this 
view appears to have been made by M. Desnoyers,* who 
pointed out that the supracretaceous deposits of Paris, 
London, and the Isle of Wight were among the more an- 
cient of these rocks : that several divisions of the supra- 
cretaceous strata might be established, arising from oscil- 
lations of the land and the consequent deposit of matter in 
seas and rivers ; and that all these periods presented, in 
their deposits and in their fossils, a progressive and insen- 
sible passage from one to the other, from the ancient state 
of nature to the present, from the more ancient supracre- 
taceous basins to the actual basins of our seas. M. Des- 
hayes, having examined a multitude of the shells of this 
period, collected from different situations, divided the 
whole series into three sub-groups according to their or- 
ganic contents. The tables formed by M. Deshayes were 
published by Mr. Lyell, who informs us that he had, with- 

♦ Annales des Sci. Nat., 1839. 
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out a knowledge of M. Deshayes's classification, divided 
the supracretaceous group into four parts.* In order, 
however, to render the tables available, he has only given 
three distinct names to the parts of the group, M. Des- 
hayes's upper division being sub-divided into newer and 
older Plicocene, the remaining two being called Miocene 
and Eocene. These names^ are expressive of a gradual 
approach of the fossil molluscs contained in rocks under 
consideration to those which live in the present seas, few 
analogues of existing species being detected in the Eocene 
division, while they greatly prevail in the Pliocene. These 
distinctions are therefore essentially founded on change, 
and can in no way support the opinion that nothing but 
repetiiions of similar events have succeeded each other 
after animal and vegetable life first existed on- our planet, 
since they imply a gradual disappearance and nearly total 
destruction of given molluscs over an ^area which subse- 
quently became covered with others that have never been 
discovered in any older deposits, and which therefore we 
conclude have been creajted to replace those that have dissap- 
peared as living creatures from the surface of the earth. 

Classifications entirely founded on organic remains are 
at all times liable to be erroneous, if contemporaneous de- 
position be thence inferred as a necessary consequence, as 
we have had occasion to observe : they therefore may be 
considered as doubly liable to error when employed in 
proving contemporaneous origin in such rocks as those of 
the supracretaceous period, and which ma}' contain a cer- 
tain per centage of the remains of molluscs resembling 
those of the present day. Classifications of this kind 
necessarily infer a series of equal changes and conditions 
at numerous distinct and often distant places at the same 
time. When we appropriate names of this kind to rocks 
derived from one character alone, and that character one 
which cannot be consideiwd constant, more particularly in 
the deposits under consideration, we theoretically prejudge 
the place which the rocks should occupy in a geological 
series, where the the comparative date of the deposit itself 
is sought, not the particular proportion of given organic 

* Principles of Geology vol, iii. Preface 1833. 



Digitized^by VjOOQ IC 



296 SUPRACRETACEOUS OROITP. 

remains detected in it, which is necessarily a secondary 
consideration. If this were the course generally adopted, 
contemporaneous deposits of other rocks, which may con- 
tain different proportions of given organic remains, would 
be separated even in the aiea of England. To seek the 
different conditions under which animal and vegetable life 
were entombed at a given geological epoch, would evident- 
ly be imposible if we are merely to collect a number of 
fossil molluscs, place them before the concbologist, and 
then arrange our deposits theoretically, according to the 
per centage of existing or non-existing shells he may find 
among them. 

We should probably find few geologists disposed to con- 
tend that because supracretaceous rocks may be detected 
in India, America and Europe, each containing about 50 
per cent, of existing molluscs, they were therefore pre- 
cisely contemporaneous, and that they should be classed 
under a particular head which implied that equal condi- 
tions obtained in these various parts of the earth's surface 
at the same time. If it be considered convenient to divide 
the supracretaceous rocks of Europe into three or more 
sub-groups, names which imply their actual geological 
position in the series, such as * superior,:* medial' and ' in- 
ferior,' * upper,' * medial,' and * lower,' or others of the like 
kind, would seem preferable to those derived only from a 
per centage of certain organic contents, which seems to 
throw the determination of the place any given fossilifer- 
ous rock should occupy in the series of deposits generally, 
not into the hands of those who have carefully studied all 
its varied relations in the field, but into those of the con- 
cbologist in his cabinet, who perhaps never saw a square 
yard of the country where the particular deposit was sit- 
uated. We are very far from undervaluingthe aid of ex- 
perienced conchologists, who have so greatly contributed 
to the advance of geology ; we are only unwilling to see 
(he study of the fossiliferous rocks turned into a mere cab- 
inet examination of organic remains, to the utter neglect of 
all the other circumstances connected with them, which 
are frequently of far more importance.* 

• In thus endeavoring to show that the terms Pliocene, Miocene 
and Eocene belong to a class of names which necessarily pre-judge 
an important part of geological inquiry, and therefore should not 
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It seems very generally agreed that the supracretaceous 
rocks of what have been termed the basins of Paris, Lon- 
don, and the Isle of Wight, are among the lowest known 
in Western Europe. Those around Paris have been long 
celebrated for the extinct animals brought to light by the 
brilliant researches of Cuvier, and for the joint labors of 
the latter author and Brongniart, which showed that the 
Parisian area had been exposed to several changes, by 
which marine and fresh-water and terrestrial creatures had 
been alternately entombed in the deposits then formed. 
Dry land necessarily first existed in that neighborhood, 
since the lowest supracretaceous rock, named the plastic 
clay, seems to have been accumulated in a fresh-water lake 
into which terrestrial plants were drifted. This condition 
ceased, apparently in a gradual manner, and the surface of 
the land became covered by sea, in a calcareous deposit 
(the calcaire grossier as it is termed,) from which thous- 
ands of marine animals were entombed, few being analo- 
gous to species now existing. By the organic remains 
found in a gypsum rock above this last, we learn that nu- 
merous mammiferous creatures, belonging to genera which 
have ceased to live upon our planet, inhabited some neigh- 
boring dry land. With these are found other mammifer- 
ous remains, belonging to existing genera ; but the species 
of all are alike extinct. We must refer to the works of 
the illustrious Cuvier for details respecting the species of 
Palaeotherium, Anoplotherium, Chaeroptamus, Canis, Di- 
delphis, &c., detected in these beds. In all probability the 
climate in which they lived was then warm, judging at 
least from the palms and crocodiles which appear to have 
existed at the same period. Another change took place ; 
sea covered the area, and was again removed, subsequent 
fresh-water deposits affording evidence of the presence of 
dry land. Somewhat similar events took place in the Lon- 

be employed, though it is extremely probable they will be, we are 
vpry far from wishing to detract in the slightest degree from the 
value of the labors of their author, Mr. Lyell, among the rocks un- 
der consideration, believing as we do that they are highly impor- 
tant, and that they will eventually lead, notwithstanding the par- 
ticular theory with which they are coupled, to a more complete 
knowledge of the supracretaceous deposits of Europe than has yet 
been attained. 
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don and Isle of Wight basins at the same periods. The 
lowest part of the supracretace9us series in these places 
does not present the same freshwater character, for the fresh 
water remains are subordinate lo the marine. We could 
scarcely expect it to be otherwise, since fresh-water depos- 
its must of necessity be more or less limited. During the 
time that calcareous matter was thrown down in the Pa- 
risian basin, as it is termed, mud was deposited in those of 
the Isle of Wight and London, mixed with sands. The 
organic remains still seem to point to a warm climate, at 
least if crocodiles be considered, from analogy, always to 
have required a temperature at least equal to that of Eg3'pt. 
The vegetable remains have never been well examined, 
but it is supposed that among the abundance of fruits and 
seeds discovered at Sheppey, the greater part required a 
warm climate for their production. Fresh-water remains 
are found above these marine deposits in Hampshire and 
in the Isle of Wight, and we have evidence in them that 
the extinct genera Anoplotherium and Palaeolherium ex- 
tended to that part of the European area, and that a spe- 
cies of ruminant allied to the genus Moschus inhabited 
the dry land with them. How these French and English 
deposits, and certain others detected in Belgium, and also 
referred to the lowest part of the supracretaceous rocks of 
Europe, may have been continuous, it would be difficult to 
say: that they have once been so is very probable, partic- 
ularly the London and Belgian deposits, which seem to be 
only apparently separated by the intervening sea, or more 
modern rocks. That various disrupting causes have alter- 
ed the condition of this part of Europe since these deposits 
were effected is quite clear, and therefore we probably find 
only a portion of those which once existed. 

We are necessarily not to consider this part of Europe 
the only portion of the earth's surface where deposits of 
matter were produced at this period. It by no means fol- 
lows, however, that they should be all characterized by 
similar organic remains, or by the presence of a certain 
per centage of particular molluscs ; we should rather in- 
fer they would not, unless we suppose equal conditions ob- 
taining in every situation, where deposits then took place^ 
over the whole superficies of our planet. The researches 



Digitized by VjOOQ IC 



BirPRACRBTACSOUfl QROVW, 299 

of Mr. Lea in North America have hrought to light a se- 
ries of fossils, principally shells, entomhed in a deposit of 
Alabama, which the author suspects may be equivalent to 
the lower supracetaceous rocks of Europe, though it has 
not yei been found to contain any shell analogous to exist- 
ing species. This author states * that out of nearly two 
hundred and fifty species taken from this rook, and exam- 
ined by him, he does not consider any to be strictly analo- 
gous to those of the lower supracretaceous deposits of 
Europe. It is, however, remarkable, that this mass of 
shells does not resemble the organic contents of any other 
European rock, and therefore the inference rests upon the 
prevalence of certain genera supposed to have first appear- 
ed on the surface of the earth at this time. Here, there- 
fore, we have a rock which may be equivalent to some 
group of the fossiiiferous deposits'of Europe comprised 
within a certain range, full of fossil-shells, yet they afford 
us little help beyond the supposition that particular genera 
may characterize a gfven portion of the fossiiiferous rocks 
generally. The researches of Mr. Lea are nevertheless, 
highly valustble, and when added to those of other active 
American geologists, must eventually lead, in conjunction 
with those of European geologists, to more exact knowl- 
edge respecting the value of organic remains in determin- 
ing the relative antiquity of rocks, than can be accomplish- 
ed by the labors of those, however distinguished and acute 
ihey may be, whose researches are confined to thai part of 
the earth's surface now occupied by Europe. 

We have not space to enter into a detailed account 
of the various supracretaceous rocks further than to ob- 
serve that classifying them in the order of a certain per 
rentage of existing molluscs in each, the miedial portion is 
supposed to occur, according to Mr. Lyell, in the districts 
of Bordeuax, Dax, ,Touraine, Turin, IBaden, Vienna, Mo- 
ravia, Hungary, Cracovia, Volhynia, Podolia, Transylva- 
nia, Angers and Ronca, while the superior portion is found 
in Italy, Sicily, the Morea, and includes the English crag, 
a remarkable deposit occurring on our eastern coast. All 
the evidence tends to show that as these various accumu- 

* CoQtribations to Geology ; Philadelphia, 1833. 
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lations of matter were produced, dry land became gradual- 
ly more extensive throughout Europe, numerous spaces 
occupied by;seas, lakes, or estuaries having been convert- 
ed into the abodes of terrestrial creatures, either by being 
filled by deposited solid matter, or by being raised above 
the general level of ihe ocean. There is also abundant 
evidence to show, viewing the subject generally, that this 
change was accompanied by a gradual alteration in animal 
and vegetable life, so that it finally became such as we 
now find it in this quarter of the world. . The supracreta- 
ceous group apparently passes so insensibly into the pres- 
ent order of things, still viewing the subject on the large 
saale, that probably no line of demarcation will ever be 
drawn between them, particularly when we regard the 
whole superficies of the world, and not a particular por- 
tion of it. Still even during the time that, the upper por- 
tion of the series \yas deposited, great changes must have 
been produced in animal life over a considerable part of 
the earth's surface. 

Among the various mammiferous animals found fossil 
in the supracretaceous series of Europe, it is only among 
the more recent deposits that any question can arise as to 
whether they are or are not analogous to existing species. 
And even then there are few remains which can lead to 
a doubt of the whole mass of mammiferous life entombed 
being specifically distinct from that now living. Not only 
have species disappeared at this epoch, but whole genera 
have been swept away from among animals existing on the 
surface of our planet. The PalaBolherium was a genus 
evidently somewhat common when the lower supracretace- 
ous rocks were deposited, since Cuvier enumerates seven 
species as found in the gypsum beds near Paris. This 
genus was, however by no means confined to that vicinity, 
for its remains have" been detected in the Isle of Wight, 
various parts of France, in Germany, and Switzerland. 
Assuming that the Touraine fahluns have been correctly 
referred to the medial portion of the series under consider- 
ation, the Palaeotherium then lived in the same districts 
with'the Mastodon, Rhinoceros, Hippopotamus, Equus, 
and Cervus, animals which have not yet been detected in 
the lower supracretaceous beds. We therefore might con- 
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elude that the Palssotherium w^s a genus created before 
these latter creatures, and that it continued to exist after 
they were called into life. Similar mixtures of organic 
remains have been noticed' by Mr. Murchison and Count 
Munster at Georges Gemund, (where the exuvisB of the 
Bos and Ursus were also detected, the latter being the cav- 
ern bear,) and by M. Meyer at Friedrichs Gemund and 
Eppelsheim. Whether these deposits may or may not be 
contemporaneous with the Touraine fahluns it may be diffi- 
cult to say, but the facts are highly interesting, as they 
show that the PalsBotherium lived at the same time with 
the animals above enumerated in other places than Tour- 
aine, and therefore that the mixture of their remains in the 
latter district was not accidental. Among the great abund^ 
ance of bones found in different superior portions of the 
supracretaceous deposits, where they may be said to pass 
into those now taking place, the remains of the PalaBother- 
ium have not been found ; Ve may therefore conclude that 
the genus ceased to live on the surface of the earth before 
the appearance of man. 

The history of the Anoplotherium seems to be much the 
same as that of the Palaeotberium : it disappeared like the 
former before the deposit of the supracretaceous rocks 
terminated, having first lived in the same districts with 
Mastodons, Rhinoceroses, &,c. Other genera, found in the 
lower part of the series, such as the Anthracotherium, ap- 
pear also the have perished in the same manner. All the 
genera, however, entombed when the lower part of the 
supracretaceous series was forming, have not been swept 
away from among living creatures; for we find Canis, 
Sciurus, Didelphis, and others enumerated by Cuvier as 
found with the Palaeotberium and t-he Anoplotherium in 
the gypseous beds of Paris. . 

That huge creature the Mastodon, whose remains are 
scattered over various parts of the world, appears to have 
been a genus created about the period that a medial por- 
tion of the supracretaceous rocks was deposited. This 
remarkable genus has ceased also to exist, though it proba- 
bly contiued to do so until a comparatively recent geolo- 
gical period ; for the exact age of the beds in which the 
the exuviae of the Mustadon maximus is detected in North 
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America cannot be considered as well determined. Id* 
deed, if it be certain that a species of reed still growing 
in Virginia was detected in a kind of sack (supposed to be 
the stomach of one of these creatures,) among the bones 
of a Mastodon discovered at Withe, in the same country, 
it may have existed even up to the appearance of man on 
the surface of this planet. A priori, we do not readily 
perceive why, when Elephants and Mastodofes evident- 
ly existed together in many parts of the world, the for- 
mer genus should still exist, while the latter should 
have perished. We should be disposed to consider, from 
analogy, that a change of climate alone would have been 
as fatal to Elephants as to Mastodons, particularly when 
those of hot countries, such as that of India, are concerned, 
and where we have no reason to suppose the tempera- 
ture to have then been much greater than at present. Yet 
Mastodons are found in a fossil state in India and equinoc- 
tial America as well as as in the colder regions of Europe 
and North America. 

Other huge creatures belonging to extinct genera, which 
as far as the evidence extends, were called into existence 
after the PalaBotherium, have also disappeared from among 
existing animals. As yet, however, we do not know that 
they have been extensively distributed, like the Mastodons; 
for the Megatherium has only been detected in South 
America, and the Deinotherium on the banks of the 
Rhine.* 

While some genera have thus been successively created 
and destroyed, others, apparently also created in succes- 
sion, have been continued to the present day. . We have 
the Elephant, Rhinoceros, Hippopotamus, and others en- 
tombed in various supr^cretaceous deposits, still existing 

♦ In the Annals of the the Lyceum of Natural History of New 
York for May 1824, Dr. Mitchell and Mr. Cooper have described 
bones and teeth of the Megatherium from the Isle of Skidd away 
on the coast of Georgia': and fine specimens from that place mpy 
be seen in the new Cabinet of that Society lately fitted up on Broad- 
iray, N.York. A most interesting description of this animal, as 
well as of the gigantic Deinotherium and many others now extinct, 
may be seen in Dr. Bucklands Bridgwater Treatise just publish- 
ed. — Am. Editor. 
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as genera among living animals. The species, indeed, 
are distinct from the fossil, and they ate not discovered in 
many regions where numbers, judging from the amount 
of their remains, must once have roamed in the situations 
best suited to them. There has been a change in their 
distribution over the surface of the globe, but the generic 
form has been retained. With regard, to many, the sur- 
face occupied by them is more limited, and their places 
have been supplied by the creation of animals better suited 
to the present condition of the earth. 

We cannot close this slight sketch of the fossiliferous 
deposits without adverting to those extensive tracts of 
slightly inclined planes bounded by sea-coasts, which oc- 
cur so commonly in various parts of the world, and which 
are found, wherever examined with attention, to contain 
numerous rnolluscs analogous to those existing in the seas 
which skirt them. The percentageof such molluscs may 
perhaps vary, but there is something very remarkable in 
these extensive tracts of nearly level country which slope 
gently into the sea in so many parts of the world, and 
which are. generally bounded by considerable areas of 
soundings. They seem, indeed, mere continuations of the 
latter, which have been relatively raised at comparatively 
recent geological epochs above the waters of the ocean. If 
the ocean-level were raised, or the continents depressed, 
600 or 800 feet, a large portion of dry land, formed of these 
plains, would be submerged. These facts lead us to in- 
quire whether any condition common to the earth's surface, 
or crust, at a particular period has caused such similar 
general appearances, or .whether they may be due to a se- 
ries of effects produced at' different times'which have final- 
ly led to similar results. In Europe, taking into account 
every probable loss from the action of seas on coasts, there 
seems good evidence of a gradual increase in dry land 
generally, during the supracretaceous period, from chang- 
es of level, and by the deposit of solid matter in various 
seas and lakes which have ceased to exist. As far as our 
knowledge extends, similar effects are observable on other 
continents. Now if this be true generally, there must have 
been a gradual increase of dry land over the surface of the 



Digitized by VjOOQ IC 



304 SUPRACRETACEOtJS GROUP. 

earth at the same epoch ; and since we may infer an increase 
in the relative amount of terrestrial creatures generally at the 
same period, the one would harmonize wiih the other, and 
we should obtain an amount of terrestrial life called into 
existence in proportion as dry land increased and was fitted 
for its support 
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CHAPTER XVIII. 

During those millions of years that we should conceive 
necessary for the production of the various deposits of 
which we have given a brief sketch in the three preceding 
chapters, other rocks in a state of fusion have been ejected 
from beneath, upheaving, overlapping, or forcing their 
way among, those beds which from analogy we refer to an 
aqueous origin. It was at one time supposed that the par- 
ticular mineral compound named ffranite was peculiar to 
the lowest porwions of the rocks composing the crust of the 
globe, that, in fact, it constituted the fundamental rock up- 
on which all others had been formed, and was not discov- 
ered higher in the series. This opinion, like many others 
connected with our subject, has given way before facts, far 
we find gfranitic rocks in situations where they must have 
been ejected subsequently to the period during which the 
cretaceous group was deposited, as also in other places, 
into which they must have been thrust at intermediate p*e- 
riods down to the oldest rocks inclusive. The mere fact 
of finding granitic rocks high up in the fossiliferous series 
is, however, no proof that the conditions necessary for 
their production have been alike favorable at all times, and 
up to the supracretaceous epoch inclusive. We should 
study the abundance or rarity of the rocks in question at 
different geological periods, and thence infer the more or 
less favorable conditions for their production at such 
epochs according to the general nature of the evidence we 
should thus obtain. When we proceed in this manner, 
we soon arrive at the conclusion, that during those periods 
when the inferior stratified or non-fossiliferous rocks were 
formed, the amount of granite produced must have been 
greatest ; and when we further proceed to examine the dif- 
ferences which may exist between such rocks and the va- 
tious granites associated with them, we find that in many 
20 
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there is no chemica] difference whatever, and in many oth- 
ers one that is extremely trifling. As a mass, the various 
granites and the inferior stratified rocks bear a close chemi- 
cal resepiblance to one another ; as amass, they are silicates, 
and are usually associated in a manner which would lead 
08 to suppose thai, at the geological epoch when the whole 
was formed, there were conditions on the surface of our 
planet highly favorable to the production of a few remark- 
able mineral substances. 

In whatever manner we suppose the inferior stratified 
rocks to have been formed, time was essential for their 
production ; and as there are many reasons for concluding 
that a great lapse of time was necessary for the purpose, 
we may fairly infer that numerous masses of granite were 
included among them at difl^erent relative periods. Hence 
we should by no means expect to discover constant eviden- 
ces of force when granite is associated with such rocks. 
Even considering all the granites so associated to have 
once been in a state of fusion, it is clear that they may have 
formed thick beds as overlapping masses, which have sub- 
sequently been covered over by mica slates or other rocks 
of that kind ; or they may have forced their way through 
lines of stratification, being also those of least resistance. 
Iq either case we might obtain tabular masses of granite 
quietly associated with the inferior stratified rocks without 
marks of violence- That there have been violent intru- 
sions of granite among these rocks is, however, also cer- 
tain, since veins of the former frequently cut the latter in 
all directions, and there are sometimes evidences of move- 
ment, and of the application of force at the junctions of the 
rocks.* 

We have seen that fluidity was necessary to the figure 
of the earth, and we have inferred that this fluidity was ig« 
neous ; henee, therefore, we should anticipate that, during 

* See many cases of this sort with drawings, in my Report on the 
Geology of Massachusetts, second edition, p. 462, et seq. But even 
where granite occurs in the form of veins, there is not always any 
evidence of violence. In such instances we have only to suppose 
the granite intruded into open fissures. Being in a melted state, it 
would probably unite chemically for the most part with the adjacent 
sides or the fissures, as we find has generally been the case.— Jim. 
Editor, 
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those periods when the crust of the globe first became sol- 
id, there would not only be a large amount of crystalline 
rocks produced, but that there would also be a somewhat 
abundant inter-mixture of igneous with aqueous products, 
when water could exist as a liquid on the sprface of the 
globe, and assist in producing mineral compounds consti- 
tuting rocks. There is another important circumstance to 
be observed, which is, that while passages of gneiss into 
granite can be observed among these rocks somevvhat on 
the large scale, those that have been supposed to take place 
from granite into more modern rocks, among which the 
former has been intruded, are comparatively insignificant, 
if even they can be said really to exist.* Now if it be sup- 
posed that gneiss has been to a certain extent an aqueous 
product, a supposition which by no means follows from the 
arrangement of its 'component minerals, we can readily 
conceive that, in this heated state of the whole superfices 
of the globe, the igneous and aqueous products would have 
a tendency to be more blended than when fused rocks 
were ejected among cold rocks or into a cold ocean. 

There is so much solid matter of a similar kind, wheth- 
er termed gneiss, granite, or by whatever name it may be 
known, in the lowest portions of those rocks composing ' 
the visible crust of the earth ; and so many deposits are ev- 
idently derived from abraded portions of it, that we are led 
to conclude the granitic was the form which matter as- 
sumed when it first became solid on the surface of the 
earth. It, however, by no means follows that granite ne- 
cessarily extends to great depths beneath the superficies of 
our plante; on the contrary, assuming the igneous fluidi- 
ty of the globe, we should expect that the substances most 
readily driven to the surface would be those first crystaliz- 
ed, affording at the same time materials, by abrasion and 

* There is perhaps one exception to this remark; though it 
scarcely aflfects the author's reasoning. In this country sienitic 
granite is sometimes found passing into rather recent hornblende 
slate in the same insensible manner as in other places it graduates 
into gneiss. In this.case I have supposed that the proximity of fus» 
ed granite has melted the hornblende slate in order to form the gran- 
ite. A case of this sort occurs in Whately. See Geological Re* 
port, p. 452.— ilm. Editor. 
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solution, for deposits by water, when that substance bec8tn<$ 
an agent in the formation of rocks. Hence we might inf- 
fer, that when by a fcufficient radiation of heat a considera- 
ble amount of the earth's crust became solid, matter some- 
what different from the granitic might be ejected through 
any fissures which existed, and possibly that such matter 
might possess, under equal circumstances, somewhat great- 
er density. 

Supposing this to be the case, we should consider that 
granitic matter would be thrown up at different periods 
but we should expect that it would eventually become 
mixed with other matter, originally and as a mass situated 
beneath it, and that it would ultimately be an exceedingly 
rare product, except under circumstances which should 
produce the fusion of previously consolidated granite, 
gneiss, or analogous rocks. Now this would happen from 
variations in the depth of the line of temperature beneath 
the earth's surface proper to clause such fusion, which va- 
riaiions would be produced, in accordance with the views 
of Mr. Babbage, by those in the surface itself causing 
changes in its power of radiating heat. We may obvious- 
ly obtain the fusion and^ ejection of previously consolida- 
ted granitic matter by mere local causes, but the simplicity 
of a principle which, when coupled with central heat, 
applies to the whole surface of our planet, not confined to 
minor portions of it, and which would be productive of so 
many effects, is so striking, that we are led to consider it a 
power capable of causing numerous and important geolo- 
gical effects. Let us, for instance, suppose that the line of 
elevated temperature capable of fusing granitic matter, 
passed beneath a mass of gneiss; that through a fissure, 
produced by fracture from any of the causes noticed in oth- 
er parts of this volume, a sufficient quantity of greenstone 
or any analogous rock was ejected, spreading over the sur- 
face above; the line of given temperature, supposing heat 
to exist in the interior of the earth, would rise, particular- 
ly if the surface be changed from sea to dry land, and the 
gneiss be fused up to the new line of given temperature 
there would, therefore, be a mass of granitic matter in fu- 
sion ready to be thrown upwards at the first period when 
conditions should be favorable, such as a continuance of 
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those causes which produced the origioal fissure, and 
which suhsequentty again broke the crust of the earth at 
that point. 

When we regard igneous rocks on the large scale, we are 
struck with the fact, that while they all appear a mixture 
of certain silicates, silica itself is more abundant in the 
granitic than in the trappean rocks, (as greenstones and 
thelikeare commonly termed for convenience,) at least calcu- 
lations respecting their chemical composition would lead 
to this view.* Now if we infer, and it appears to be a 
fair inference, that granite, considered as an igneous rock, 
was more abundantly produced at the earliest periods than 
at any other, we arrive at the conclusion that silica was 
not only very abundant among the stratified rocks of the 
period, no matter how produced, but also among the mas- 
sive rocks of the same period, and hence that, during the 
consolidation of the crust of the earth, silirium became 
one of the earliest oxidized substances, and then produced, 
by combination of other substances, the greater amount 
of silicates observable in the solid crust of the globe. How 
silica, after a certain thickness of rocky matter, might di- 
minish in quantity in the direction of the earth's centre, is 
another question ; but if we suppose the matter of trap- 
pean rocks, viewed in the mass, to have been situated be- 
neath the granitic, and to have been expelled in proportion 
as the latter became solidified, we should infer that such 
might be the case. 

While, however, the silica diminishes in trappean rocks, 
viewed generally, the proportion of magnesia and lime, 
particularly the latter, increases : — another remarkable 
analogy between the mass of aqueous and igneous rocks 
of two very different geological periods, for lime is cer- 
tainly more abundant among the more modern than among 
the more ancient rocks, viewed as masses of matter. We 
naturally inquire if the lime thus distributed by different 
means over the surface of the earth, more at one time than 
at an other, may not be dae to a communication between 
such surface and matter situated beneath it, greater at one 
period than at another ; and whether the consolidation and 
subsequent fracture of the substances which previously pre- 
vented this communication, at least to the extent required, 

* Geological Majiual p. 448. 
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may not have been one of the principal causes of such phfls* 
nomena. 

The presence of hornblende, a mineral in which lime 
amounts to about 13 5 per cent, and magnesia to about 
18 5 per cent., is the principal cause of this difference in 
the composition of igneous rocks. It is a much more 
common substance among the more modern than among 
the ancient rocks of this class ; not that it is absent from 
the latter, for granites, apparently of considerable geolog- 
ical antiquity, contain it, and hornblende' rocks are found 
sometimes in considerable abundance associated with gneiss, 
mica slates, and others of the inferior stratified rocks. 
There can, however, be little doubt, that, viewed in the 
mass, the hornblende and augitic rocks prevailed at the 
later geological epochs. 

Nothing is more common among igneous rocks than to 
observe a change of mineralogical structure in the same 
mass, and at short distances. We may find greenstone, 
porphyry, and sienite in the same hill, each passing into 
the other so gradually that it is difficult to say what name 
should be applied in particular to the mass, and hence ge- 
ologists find it convenient to affix some general name to 
these rocks, such as trappean, to avoid the extreme diffi- 
culty, almost -amounting to impossibility, of presenting a 
clear idea of their variable structure in a few words. 
Sometimes this difference in mineralogical structure is more 
apparent than real, that is, the chemical composition of two 
igneous rocks may be the same, and their mineralogical 
appearance be different; the apparent difference arising 
from the conditions under which they have respectively been 
placed, the one perhaps taking a porphyritic form, the other 
one more confusedly crystalline. The more gradually a 
mass of fused rock cooled, the more perfect we should expect 
to find the crystalline arrangements of its parts. Now this 
is what we do find in experiments, imperfect as they necessa- 
rily are, intended to illustrate this point. When, therefore, 
veins, such as those of granite, greenstone, or any other ig- 
neous rock, diverge from masses of the same substances into 
contiguous rocks, which have evidently pre-existed, and 
have been fractured prior to the intrusion of igneous matter 
of the veins, we most frequently find that the mineralogical 
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arrangement of the constituent substances differs in the 
veins, and in the mass whence they diverge. It is partic- 
ularly interesting to trace granite veins, as may under fa- 
vorable circumstances be done, from granitic masses with 
marked characters, such as those of Devon ^nd Cornwall, 
until the crystalline character be finally lost; so that, un- 
less we couid so trace them, we might d^ubt the continuity 
of a rock, having perhaps the appearance of a compact 
felspar, with granite, in which the crystallization was so 
advanced that large crystals of felspar, or albite, were iso- 
lated in the granite by thousands within a few cubic fath- 
oms of rock. 

It hence follows that, all other things being the same, the 
worse the conductors of heat by which a rock in fusion is 
surrounded, the more crystalline will be the strocture of 
its parts, and therefore, assuming central heat to exist, and 
that rocks generally are equally bad conductors of heat, 
the deeper beneath the surface- of the earth's solid crust a 
rock in fusion may be ejected among others, the more crys- 
talline would it become when finally consolidated. It must 
not hence be inferred, as has been done, that herein consists 
the only difference between the various kinds of igneous 
rocks, and that greenstone would have been granite if it 
had taken a longer time to cool. Granites no doubt vary 
in their chemical composition, and so do greenstones, yet 
they always so differ from each other as masses of matter 
that the one can never become the other from mere differ- 
ence in cooling. This difference will be apparent if we take, 
by way of illustration, a granite composed of two fifths of 
quartz, two fifths of felspar, and one fifth of mica, which may 
be considered an average common kind of granite, and a 
greenstone, composed of equal parts of felspai and hom- 
blende,an average kind of greenstone, and observe the dif- 
ferences between their calculated chemical compositions.* 





Granite. 


Greenstone. 


Difference 


Silica 


. . 74-84 


. 54-86 . 


19-98 


Alumina 


. . 1280 


. 15-56 . 


2-76 


Potash 


. . 7-48 


6-83 . 


065 


Magnesia 


0-99 


939 . 


8-40 


Lime 


0-37 


7-29 . 


6-92 



► Geological Manual, pp. 448—450. 
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Granite. 'Greenstone. Difference. 

Ox. of Iron 193 . 403 2^10 

Ox. of Manganese 0-12 0-11 001 

Fluoric Acid . . 0^1 . 0*75 0-64 

As inferior rocks, whether stratified or unstratified, may 
become fused and thrown up from local causes, such as 
the percolation of water to the metallic bases of certain 
earths and alkalies through cracks in a part of the world's 
solid crust, long unbroken in that particular part, or from 
the more general cause of alteration in lines of given tem- 
peratures from changes produced in the radiating powers 
of the surface above them, we are not certain whether 
trachytic rocks, which so frequently appear chemically to 
approach granites, are derived from matter previously con- 
solidated in the form of rocks, oi; whether they constitute a 
portion of the original granitic matter that has not been 
consolidated prior to its ejection from those volcanic vents 
whence trachyte has issued. In some volcanic districts 
trachytic rocks are, as a mass, found to occupy an inferior 
position to the basaltic rocks, also taken as a mass. Now 
we may obtain this result in two ways: inferior granitic 
rocks or gneiss may have been fused and ejected before 
the basaltic matter was thrown out in abundance; or gran- 
itic matter may have floated to a certain extent, from its in- 
ferior specific gravity, on the basaltic matter, and therefore, 
being nearest the orifice when formed, was the first to be 
thrown' up through it. In some districts trachyte seems 
little else than granite which has been again fused, and 
having been exposed to different conditions, no longer pre- 
sents the appearance of granite. Indeed, specimens from 
Auvergne exist which are partly granite, partly trachyte, 
the one structure shading off into the other. 

When granitic, greenstone, basaltic, or other masses of 
rock of a similar kind exist on a given portion of the 
earth's surface, and either from local or more general 
causes gradually become heated beneath, more at one point 
than at others near it, the lines of temperature capame of 
producing a viscous or tenacious condition of the rock, 
rising continually though slowly upwards, such rocks 
would bulge outwards or be elevated in dome-formed mas- 
ses ; first from the increased volume caused by the increase 
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of heat more at one point than another, and secondly, from 
the action of any elastic matter endeavoring to escape. 
As trachytic and other dome-shaped masses of a similar 
kind are found in volcanic countries, the action of elastic 
matter endeavoring to escape, abd assisting or perhaps 
wholly causing their production, would be in accordance 
with volcanic phsenomena generally. 

Now assuming that a mass of solid matter is rendered 
yielding by a gradual increase of heat, and that elastic 
matter is compressed beneath it, when the force of the 
latter can lift the former, the amount ot the elevation pro- 
duced will depend upon the power of the elastic matter on 
the one hand, and the yielding state of the rocky matter 
on the other. If the power of the elastic matter be con- 
siderable, and the rock yields to it, much would depend 
upon the manner in which the latter did thus yield ; if it 
were very viscous or tenacious, it might be blown upwards 
into a dome-formed mass, while if it were to a certain ex- 
tent brittle, it would be fractured, and the elastic matter es- 
cape. As the elastic matter expanded beneath such a 
dome, it would necessarily become less capable of lifting 
the superincumbent rock than it was in its greater com- 
■ pressed state before the dome was produced, and the sub- 
stance of the rock itself, composing the dome, being re- 
moved the greater heat beneath, would tend to become less 
yielding ; these two causes, therefore, would combine to 
arrest the elevation of the dome beyond the point where 
the various powers should balance one another, and we 
should obtain a result not very unlike those trachytic and 
basaltic domes which seem to have been forced up much 
in the condition we now find them, proper allowances be- 
ing made for the subsequent action of meteoric influences 
upon them. 

Very different degrees of heat seem necessary for the 
fusion of different igneous rocks, the most refractory ap- 
pearing to be the serpentines, and the most fusible the ba- 
salts and various lavas. In a general sketch like the pre- 
sent, the serpentines and rocks of that family may be neg- 
lected, even though they occur in considerable masses in 
some countries in a manner lo leave little doubt of their 
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igneous origin in such situetions ; for, viewed gener- 
ally, their collective volume is very inferior to the mass 
of granitic and trappean rocks. Now the two latter differ- 
considerably in fusibility, the granitic rocks being by far 
the most refractory, so that if we consider the greater mass 
of granitic rocks to have been produced at those early 
periods when the surface of our planet first became solid, 
igneous rocks ejected at comparatively recent periods are 
compounded of more fusible materials than those forced 
upwards at more ancient epochs. The presence of a far 
larger quantity of silicate of lime in the trappean than in 
the granitic rocks, seems the principal cause of this differ- 
ence. It would, however, follow from this difference, that 
at a given depth beneath the surface of the earth's crust, a 
certain amount of heat would be sufficient to keep trappean 
matter ifl fusion which would be insufficient to produce the 
same effect on granitic matter, and hence that granitic mat- 
ter could not be ejected from such given depths, though 
when the heat was greater, and consequently such matter 
fusible at the same depths, it might have been the first 
thrown out, being of less specific gravity and probably 
nearer the surface. We should expect occasionally to dis- 
cover mixtures of trappean and granitic matter, even con- 
stituting one mass, and these are not unfrequently found, 
the one passing insensibly into the other, the mica, a most 
refractory substance in itself, disappearing and being re- 
placed by hornblende, a readily fusible mineral. The 
age of many of these masses requires to be better determin- 
ed than it has been, before we can see how far it may af- 
fect the hypothesis, that the great mass of granitic matter 
has been ejected at the more ancient, and the mass of trap- 
pean matter at the more modern geological periods. 

When we regard the fossiliferous rocks, we appear to 
find evidence that, from the time they were first produced, 
dry land and shallow seas existed. Hence we might con- 
clude that during such periods sub-serial eruptions of igne- 
ous matter then also took place, and that elastic vapors he- 
ing also discharged, nshes, cinders and dust would be thrown 
up and transported around the igneous vents. From the 
various surface-changes which have taken place on our 
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planet, the evidences of any such eruptions are necessarily 
difficult to trace, and would become less, viewing the subject 
generally, in proportion to the antiquity of the series of 
rocks among which we seek them. There are, however, 
certain situations where we find igneous rocks, more par- 
ticularly trappean, that[appear contemporaneous with those 
among which they occur, that is, they appear to have cov- 
ered an inferior bed, and to have been subsequently cover- 
ed by the tranquil deposit of transported or other matter 
above them ; precisely as a bed of lava may flow over a 
sandy bottom, and afterwards be covered up by a deposit 
of sand or mud. Trappean rocks are, as is well known* 
much associated with the lower parts of the graywacke, 
series in different parts of Europe sometimes in a manner 
which leaves little doubt that a portion of them has not 
been intruded among the strata subsequently to their con- 
solidation, but has been formed in the manner above no- 
ticed; while other, again, have. clearly forced a passage 
through the gray wacke, sometimes even cutting the former. 
It is frequently interesting to observe that such beds of 
greenstone or porphyry, though thick in parts, fine off 
among the gray wacke beds by taking the character of an 
arenaceous deposit of comminuted trappean matter; as if 
such portions constituted a deposit of trappean ashes 
thrown out at the same time, that the trappean rock itself 
was produced. 

We have had occasion to observe considerable accumu- 
lations of such comminuted trappean matter among the 
green stones'and porphyries of the older graywactte of De- 
von and Cornwall, not only in lines continuous through 
the general stratification of the gray wacke of the district, 
but also associated with them in a manner which might 
lead us to suspect that there had been eruptions at those spots, 
either into the atmosphere or beneath shallow water, per- 
mitting ashes to be thrown up and dispersed. One spot. 
Brent Tor, north from Tavistock,' is particularly remarka- 
ble, as a conglomerate there occurs some of the constitu- 
ent parts of which have every appearance of volcanic cin- 
ders, an ihfiltration of siliceous and other matter having, 
during the lapse of ages, filled the vesicles of the cinders. 
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The dip of the strata io that part of the country not being 
80 considerable as it usually is in the district, these beds can 
be traced for some distance, and are observed to fine off 
in a remarkable manner into the arenaceous trappean rocks 
above noticed. The country for several square miles 
around is either composed of arenaceous graywacke, 
greeenstones, porphyries, or the arenaceous trappean sub- 
stance apparently so like an ancient deposit of volcanic 
ashes. As from accidental circumstances, which have no 
relation to its general s^eological structure. Brent Tor has 
the appearance of a volcanic point, which might be con- 
sidered comparatively modern, it may be necessary to state 
that the various rocks noticed can easily be traced into the 
graywacke of the district, with which they are evidently 
associated. 

We have entered into the foregoing detail merely to 
show, that among the oldest fossiliferous rocks there are 
facts whi(^ would lead us to suppose that there bad 
been ejections of igneous matter into the atmosphere 
or beneath shallow water, and consequently that we might 
expect to discover similar facts among the other* fossilifer- 
ous, rocks, under favorable circumstances and in different 
parts of the world. 

The various fossiliferous deposits have been interrupted 
not only by these and other larger ejections of igneous mat- 
ter, but also those comparatively great dislocations of the 
earth's crust which have produced ranges of mountains, 
and tilted and contorted strata over large areas, thus alter- 
ing the conditions of our planet's sui;face over such areas, 
and producing a variety of consequences, different from 
those which resulted from the prior condition of the same 
portions of surface. M. £lie de Beaumont considers that 
ne can recognise at least twelve principal periods of dis- 
location in Europe, which have been succeeded by as many 
changes in the sedimentary deposits of the same area. 
Without at all entering* into the evidence adduced on this 
head, for which we must refer the reader elsewhere,* we 

* Recherches sur les Revolations de la Surface du Globe ; An- 
nates des Sci. ]yat. 1829 et 1830. The reader will also find au 
"account by M, Elie de Beaumont of hisp resent views on this sub- 
ject, in the French Translation of the Geological Manaal, p. 616. 
Paris 1833. 
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should anticipate that if mountain-ranges have originated 
from any causes analogous to those noticed in a: former part 
of this volume, they would be eventually found to be more 
numerous, interspersed, as it were, among a great number 
of minor dislocations, resulting from a less intense exertion 
of the same forces, such as that observable in common 
earthquakes. All the evidence, indeed, respecting the lat- 
ter, shows us that the force by which they are produced 
varies in intensity ; and as they are feh in all parts of the 
world, as well in those situated at distances from volcanic 
vents, as in those in their immediate vicinity, we may fairly 
infer that their cause is situated beneath the surface of the 
earth generally, though from local circumstances they may 
be more intensely felt in one part of it than in another 
at different geological epochs, being generally most in- 
tense where, for the time, volcanic vents exist. From the 
theory of central heat, and that of water percolating to cer- 
tain metallic bases of the earths and alkalies, which may be 
termed the volcanic theory, we obtain two causes capable 
of producing disruptions of the earth's solid surface. 
Such minor movements as those termed earthquakes may 
originate from either, while the more general and vast dis^ 
locations, productive of long lines of mountains, would ap- 
pear referrible to the gradual refrigeration of the globe. 
We should, indeed, expect that volcanic action would con- 
siderably modify the effects produced by these greater dis- 
ruptions, since conditions would then be favorable to it, 
volcanos appearing on the great lines of fracture; but it 
does not seem, taken by itself, equal to the production of 
those long lines of elevation constituting such mountains 
as the Himalaya, the Alps, and others. 

We should expect to discover the effects produced by 
comparatively considerable disruptions of strata, better ex- 
hibited among the more recent states of the earth's surface 
than among such traces of the more ancient as those we 
can observe, since the former hdve been necessarily ex- 
posed to fewer causes of obliteration than the latter, such 
as the accumulation of strata upon them, and others. In- 
dependently of the great contortions and fractures of strata 
so frequently observable, we find masses of rock of consi- 
derable volume and weight detached from particular places 
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and tTanspoTted long distances. These masses of rock 
are generally known by the name of erratic blocks. In 
Europe we have at least two accumulations of them pro- 
duced, judging from their geological position, at compar- 
atively recent periods. One set of erratic blocks has been 
scattered from the central Alps outwards, on each side of 
the chain; the other has proceeded from a northern direc- 
tion southward. How far the events which have produced 
both accumulations of these blocks may have been separated 
by time from each other, we know not; but we are certain 
that the geological epochs of both must have been very recent, 
since they both rest on rocks of little comparative antiquity. 
That the principal valleys of the Alps existed nearly as 
we now see them appears also certain, since the blocks de- 
rivefd from the central chain have been borne down through 
them, leaving abundant evidences of their transport on 
their sides, while the principal accumulations are in front 
of such valleys. M. Elie de Beaumont has suggested a 
very simple explanation of the transport of the Alpine 
blocks. He supposes that during the last elevating move- 
ment which took place in the Alps, the heat evolved from 
the necessary fissures suddenly melted the snows which 
previously existed on these mountains, and by these means 
a large body of water was produced, which swept 4he 
blocks through the valleys into those situations where we 
now find them. If to this we add the probability that the 
glaciers (supposing the necessary heightof the mountains,) 
would be covered as now by multitudes of blocks, we cer- 
tainly obtain, by means of this ready mode of transport, 
and the sudden action of a large body of water rushing 
down the valleys, a more plausible explanation of the phae- 
nomena observed, than by the supposition of a huge mass 
of w^ater overwhleming the whole land, which does not 
afford us a good explanation of the nearly equal transport 
outwards, down so many principal valleys, of solid matter 
derived from the central parts of the chain. The only- 
question likely to arise under this hypothesis is, whether 
the sudden melting of the Alpine snows, even as they now 
exist, would produce a volume of water sufiicient to cause 
the efiects observed. In some favorable situations, such, 
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for instance, as the Monte San Prixno, rising above the 
Lake of Como, there is evidence of a tumultuous deposit 
of these blocks with smaller detritus, the whole being mixed 
pell-mell together; in others, again, we find only large blocks, 
as on the Jura, perched in lines high upthesides of mountains. 
M. Elie de Beaumont has shown that in the ^ valley of 
the Durance the blocks decrease in volume and become 
less angular as they recede from the mountains behind 
Gap, until the transported matter diminishes to the pebbles 
constituting the wide extent of country known as the Crau. 
Similar facts are also observable down other valleys. Per- 
haps in the loess of the Rhine we may trace the remains of 
still finer detritus, which has accumulated to the depth of 
200 or 300 feet above the valley, and bears evident marks 
of sudden transport. This supposition is rendered more 
probable by the abundance of Alpine pebbles discovered 
resting on various rocks, where the loess ceases in the 
higher parts of the valley of the Rhine, and which have 
apparently been accumulated by a sudden rush of water 
down the valley. 

The other great accumulation of erratic blocks seems 
due to some more general cause, since not only are the 
blocks scattered in great abundance over Northern Europe, 
in a manner to show their northern origin, but those which 
occur in the northern parts of America apparently in equal 
abundance, also point to a similar origin.* We hence in* 
fer that some cause, situated in the polar regions, has so 
acted as to produce this dispersion of solid matter over a 
certain portion of the earth's surface. We know of no 
agent capable of causing the eflfect required, but moving 
water. We therefore further infer that some cause has 
produced an action of water in the polar regions which 
has scattered blocks of rock outwards from a somewhat 

* Professor Hitchcock has presented us with a very detailed and 
valuable account of the erratic l^locks in the state of Massachusetts, 
(Report on the Geology of that State, p. 141 to p. 171, Amherst 
1833.) where, with detritus of minor volume, named diiuvium j they 
occur in considerable abundance. The proofs he affords of the 
•general northern origin of the whole transported mass are; highly 
satisfactory, coinciding with the evidence afforded by the researches 
of Dr. Bigsby, Messrs. Lapham, Jackson, Alger, and others, in va- 
rious parts of North America. 
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central situation. Now, if mountains can be produced in the 
manner noticed in a former part of this volume, there is 
DO reason, that we are aware of, why a sudden elevation 
of land should not be produced beneath the polar 
seas as in any other part of the earth's surface, and if such 
elvallon were so produced, the necessary consequences 
would be a wave or waves proportioned to the disturbing 
force. Such waves would necessarily tend to float the 
northern glaciers with their usual burden of blocks of rock, 
lifting them to the south waid ; but their principal action 
would be felt where they reached the coasts, and the waves 
from being little more than great undulations of water, be- 
came huge breakers, acquiring a violent forward xnotion* 
and a consequent abrading and transporting power, which 
can be well appreciated when it is recollected that those 
relatively minute waves which break on coasts during 
gales of wind have the power to destroy large solid pieces 
of compact massonry, and to hurl the disjointed fragments 
before them. The effects observed would correspond with 
this hypothesis, for all the blocks have not come from 
great distances ; they have been detached from various 
points. Many erratic blocks in England can be traced 
northwards to their parent rocks in the British Islands, and 
Prof Hitchcock has shown that the like can be done in the 
United States.* The great mass of blocks scattered in 
such abundance over parts of Germany, Sweden, Poland 
and Russia, are evidently derived from rocks known to ex- 
ist northward of them, their mineralogical and other char- 
acters being sufficiently marked. Many of the effects 
which would be produced by the breaking of such waves 
will be obvious; among the rest we should expect consid- 
erable local accumulations of rocks derived from different 
quarters. This seems to be well shown in the diluvium 
of Holderness, on the coast of Yorkshire, where, according 
to Mr. Phillips, a clay envelops various fragments of rocks, 
apparently derived from Norway, the highlands of Scot- 
land, the mountains of Cumberland, and from Yorkshire 
itself, while no small portion seems to have been transpor- 

* Report on the Geology, &c., of Massachusets, Art, Diluviumi 
Amherst. 1833. 
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ted from the seacoasts of Darbam and the vicinity At 
Whitby ; the fragments being rounded in proportion to the 
distance whence they were derived.* 

As a whole, we may consider the facts connected with 
enrratic blocks highly important, whatever theory we may 
adopt, and which shall at the same time afford a fair expla- 
nation of the observed phaenomena, since they teach us, 
in conjunction with those large contortions of strata, and 
the great' dislocations of rocks so often observable, that, 
while we duly appreciate the continued and more tranquil 
geological effects we daily witness, we should not neglect 
those other effects, which though apparently great when 
measured by the ideas commonly entertained on such sub- 
jects, or by the effects produced by minor intensities of th^ 
same forces, are yet comparatively insignificant when con- 
sidered with reference to the spheriod on the surface of 
which they occur. 



Recent astronomical researches have rendered it ex- 
tremely probable, indeed almost certain, that the planets 
move through a resisting medium. Assuming this to be 

♦ The subject of deluges, both geological and historical, is a most 
prolific one ; and has engaged the attention of more writers than 
almost any other. From the extreme of imputing to the last gen- 
eral deluge every geological change to which the crust of the globe 
has been subject, nay, the complete dissolution of the globe itself, * 
the opinion of the learned has* vibrated to the other extreme of. 
denying that either geology, or sacred or profane history afford 
proofs of such a deluge. Many able geologists of the present day 
maintain this latter opinion. Others, more numerous, regard geol- 
ogy as affording abundant proof of a general diluvial catastrophe j 
but suppose it took place previous tq the creation of man. Others 
not only admit the occurrence of such a deluge, but suppose it may 
have been identical with that of Noah. The latter class, it must 
be confessed, have much diminished of late j and the opinion is 
gaining ground, that the account the Noachian deluge by Mosqp 
would not lead. us to expect that it sbould have left any traces of its 
effects that could have been legible so long afterwards. But it is 
impossible in a short note to give even a summary of this subject ; 
and I beg leave to refer the reader, for a full history of opinions re- 
specting the historical and geolosrical deludes, to the American Bib- 
lical Repository for January, 1837.— ilwi, Ed, 
21 
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true, it follows that all such bodies with their attendant sat- 
ellites must eventually fall into the sun ; and consequently 
that there is no real stability in the solar system, it being 
one of constant though quiet and long continued change. 
Myriads of those revolutions of- the earth round the sun by 
which man measures long periods of time may elapse be- 
fore our globe ceases to move as a planet ; but if this 
resisting medium does exist, and the general course of 
events is not interrupted by an extraordinary cause, it must 
ultimately constitute a portion of the sun, itself probably 
moving among other bodies of equal and larger volume, 
and destined, for aught we know, to merge with others like 
itself into some greater mass of matter. 

We cannot contemplate this termination to the existence 
of the earth without perceiving that a slow but certain 
change in the condition of its surface must of necessity 
follow, even supposing that no cause of change exists in 
the earth itself. All animal and vegetable life now existing 
on the globe is most beautifully adjusted, as Mr. Whewell 
so forcibly expresses it,* to the conditions under which it 
is placed. It may be probable that a large portion of ex- 
isting anipial and vegetable life might accommodate itself 
to a certain amount of change; but there would evidently 
be a limit to this power of adaptation, and such life, suited 
to given conditions, must perish when those conditions no 
longer exist. It is obvious that, when the orbit of the 
Earth became no longer than that of Venus, great change 
of ^conditions would be effected on its surface, and that there 
would be still greater when its orbit became less, so that if 
it were covered with life as we should anticipate it would 
be, we should infer that such life must be accommodated 
to the new conditions under which, it would be placed. 
And we can as readily conceive the existence of life s» 
adapted, as that animals and plants have been created ta 
live in the present hot and cold regions of the earth's sur- 
face respectively, and which would perish if removed from 
the conditions to which they have been adjusted. 

The probability of future change from external causes 
leads us to look back on that which geological phenomena 

♦ Bridgewater Treatise j On Astronomy and General Physics. 
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attest has already been produced on the surface of the 
«arth. Whether we consider, with La Place, that our so- 
lar system is acondensation of ^nebulous matter, resembling 
those masses which astronomers have shown us to exist in 
Tarious portions of the vast regions of space, the planets 
«nd their satellites having been separated from the principal 
part of the mass which now constitutes the sun ; or that 
the sun, plan<nS and satellites were originally created in those 
relative situations where we now observe them, existing 
knowledge leads us to infer that liquidity was necessary to 
the figure of the earth, and that great heat was necessary 
to such liquidity. As far as we can perceive, we should 
perfectly agree with Mr. Whewell in considering that the 
evidence of design would be quite as great, if gaseous 
matter bad by condensation produced the solar system, as 
if it were created such as we now find it. There is, how- 
ever, this difference between the hypothesis ; the former 
presents us with a far more noble and splendid view of the 
great system of the universe than the latter, and is there- 
fore one which, a priori, we should feel more disposed to 
adopt. 

If the earth were once fiuid, and its fluidity due to the ac- 
tion of heat, it follows, from the figure of the globe and the 
known laws of heat, that its surface would by radiation be- 
come solidified, and even comparatively cold, while intense 
heat still prevailed in the interior. We have direct evi- 
dence by ascending in our atmosphere that heat decreases 
upwards; and the calculations of Fourier and Svanberg, 
made upon different principles, afford a temperature of 
about — 68**Fahr. for the planetary spaces. A time must 
therefore arrive when the surface of the earth, exposed per- 
haps for millions of years to this temperature, would be- 
come comparatively cold, if even we suppose the heat con- 
tained in the mass of the globe itself to have once been 
sufficiently intense to cause a gaseous state of all the mat- 
ter contained within it. Numerous chemical combinations ' 
would be gradually effected, and finally, the surface would 
be so circumstanced that it w^ould depend uppn the influence 
of the sun for a temperature beyond that it would otherwise 
possess, and consequently would be warmer in the equato- 
rial than in the polar regions. 
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From our knowledge of the matter composing the visible 
portion of the earth, we should infer that a decrease gener* 
ally in the heat of the globe would produce a diminution 
of its volume, and hence that the velocity of its movement 
would be increased. This alone would afford a cause of 
change afiecting life on the surface of the earth ; but when 
we couple it with a gradually diminished surface tempera- 
ture arising from interior causes, and the* Consequent in- 
creased influence of the solar heat on the one hand, and 
the action of the low temperature of the planetary spaces 
on the other, we obtain a series of conditions which would 
seem to render it almost impossible, consistently with the 
constant adjustment of life to situation which we every 
where perceive around us, that any given set of animals 
or plants could continue to exist through all the changes 
which of necessity would be produced.* Now the evi- 

♦ I uQderstand the Baron Fourier to have demonstrated maihe- 
matica! y, in his profound and manerly papers on the tempeifttore 
of the globe and the celestial spaces, that if the internal parts ' 
of the earth are intensely heated, even beyond incandescence, the 
effect of that heat has long since ceased to be manifest en its suriaee. 
He says, " we know certainly, from theoiy and observation, that 
the eftect of this internal heat has long since become insensible on 
the surface, even though it may be very great at a moderate depth" 
— " The excess of temperature, which the surface of the earth now 
possesses^ in consequence of this internal source, is probably below 
the fifteenth part of a degree of Farenheit's thermometer."-* Again, 
he says, " The course of ages will bring about great changes in the 
internal temperature ; but at the surface these changes have been 
completed ; and the continual loss of the infernal heat cannot here- 
after occasion any refrigeration of climate." " Since the time of 
the Greek School at Alexandria, the temperature of the surface has 
not diminished, from this cause, the one hundred and fiftieth part of 
a degree."—" The temperature of the surface (at this time) exceeds 
that to which it can be reduced (from this cause) only the one fif- 
teenth part of a degree." He further states, that the interaal heal 
which escapes through a square metre of the earth's stirftice in 100 
years, is only suMcient to melt a column of ice, three metres in 
height; or a little more than an inch per year.* 

These astonishing results from mathematical analysis, lead me 
to doubt the correctness of the inferences in the text, respecting the 
future refrigeration of the climate of our globe, so far as it is sup- 
posed 10 result from " a gradually diminished surface temperature 
arising from interior causes." At any rate, this cause cannot ope- 
rate until all the internal heat of the earth has escaped, and its teak- 

♦ See Annates de Ckimie H de Physique Armee^ 1834. 
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cfence derived from the organic remains entombed in the 
fossil iferous rocks, shows us that a great change has been 
effected in the animals and plants which have existed on 
the earth during the great lapse of time required for their 
deposit. Slight oscillations, as it were, may perhaps here 
and there be eventually discovered, when the geological 
structure of the earth's surface shall be more extensively 
explored, animals and plants having continued to exist in 
some situations longer than in others; but it does not ap- 
pear in the least probable that the present evidence, indic- 
ative of a great system of change in animal and vegetable 
life, since such life existed on this planet, will be vitiated 
by new discoveries of this kind. 

We are far from inferring that numerous general forms, 
particularly those of molluscs, discovjered among the more 
ancient fossiliferous rocks, have not been continued to the 
present day ; but, viewing the subject on the large scale, 
we consider that existing evidence points to a great system 
of change, generally as respects species, and frequently as 
regards genera, from the ancient state of animal and veget- 
able life to that now known to us. Neither do we sup- 
pose that minor changes may not have been somewhat 
suddenly produced*; indeed the occurrence of extinct spe- 
cies of animals with their flesh preserved, incased in ice 
or frozen mud in the polar regions, and analagous to gene- 
ra which now exist in warm countries, such as the elephant 
of the Lena and the rhinoceros of the Wiluji, (species 
moreover which must have existed, judging from their fos- 
sil remains, by thousands over various portions of the nor- 
thern hemisphere,) appears to be sufficient evidence of this 
fact. 

perature within is reduced to that of the planetary; spaces. And 
even then, if the supposed resisting medium is bringing it nearer the 
sun, might not the consequent increased heat from that source, 
counteract in a degree the decrease of temperature from other 
causes 1 Where there are several opposing agencies at work, 
whase precise force we cannot estimate, it is extremely difficult to 
predict the final effect. I would not, however, be understood as de- 
nying the correctness of the general conclusion to which the author 
arrives; but only as doubting the soundness, of one of bis argu- 
ments. I 

It may be satisfactory to some to know, that the memoir of Baron 
Fourier from which the above extracts are made, is transls^ted, and 
will soon appev in the American Journal of Science—Am. Ed, 
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The evidences of change are, however, not confined to 
organic structure ; the earlier rocks differ as a mass from 
those produced at later periods, also taken as a mass. The 
principal chemical difference between them consists in the 
extreme rarity of carbon in the former, and its comparative 
abundance in the latter, while the amount of lime is far 
greater in the more modern than among the more ancient 
strata. There are also other differences, but the most strik- 
ing consists in the absence of organic remains in the one» 
while the other teems with those evidences of pre-existing 
life, often indeed to such an extent, that if such exuviae 
were abstracted from the fosriliferous rocks generally, a 
• great diminution of their collective volume would be 
effected. 

Measuring time as man does in the minute manner suited 
to his wants and conveniences, a few thousand revolutions 
of the earth in its orbit appear to him to comprise a period 
80 considerable, that he feels it difficult to conceive that 
great lapse of time which geology teaches us has been 
necessary to produce the present condition of the earth's 
surface; and which when we even take some great astro- 
nomical period as an unit, we still find it impossible to ex- 
press. That man is a comparatively refcent creature on the 
surface of the earth, all geological evidence tends to prove, 
since neither his remains nor his works have been detected 
except in the most recent deposits. From all analogy we 
may conclude that he was the first creature possessing any 
extended amount of intelligence which has existed on this 
planet. What new creation may supply his place, when 
if the theory of a resisting medium in the planetary spa- 
ces be true, as it appears to be, conditions shall arise under 
which he cannot exist, it is of necessity impossible, for us 
to form the most remote conception ; but that he must, con- 
structed as he now is, disappear from the surface of this 
planet, as other creatures have disappeared before him, 
should the external causes we have noticed be true and 
continue uninterrupted, even supposing no change to be 
produced by internal causes, seems certain. Consistently 
with that wisdom and design so observable in all the works 
of creation, we should infer that, so long as it were possi- 
ble for life to exist upon it, this globe would no more re- 
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▼olve in space without some modificatiott of life on its sur- 
face, than we can conceive the earth to be the only planet 
on which life exists.* We may therefore conclude, that 
whatever changes our planet may suffer, either from exter* 
nal or internal causes, and the necessary conditions ex- 
ist, life will be created to suit those conditions, even after 
man, and the terrestrial animals and plants contemporane- 
ous with him, may have ceased to live on the surface of 
the earth. 

♦ With all deference to to the We men who have advanced it, I 
doubt the soundness of this argument. It is thought that our no- 
tions of the Divine Wisdom and Benevolence require that God 
should fill with inhabitants every world capable of sustaining them, 
in order that he may communicate the most happiness and exhibit 
the perfection of his designs. Why, then, is so large a pan of our 
world left barren and uninhabitable 1 Why is there so much appa- 
rent desolation in the moon and some other planets 1 Why are 
such masses of matter as compose the comets and nebulae, suffered 
to remain for ages in a state incapable of sustaining life 1 Nay, 
why has not God from all eternity filled infinite space with as many 
habitable worlds as possible ? Do we not take too narrow views of 
Divine Wisdom when we decide that all habitable worlds must be 
filled with sentient beings at all times. — Am, Ed, 

Note respecting the connection between Geology and Revelation, 

It will have been seen that the author makes no allusion to the 
connection between geology and revelation And as he speaks of 
thousands, perhaps millions of years occupied in the deposition of 
rocks, the reader who is not particularly acquainted witn the pres- 
ent state of opinion on this subject in Europe, may suspect him of 
infidelity. I know nothing of Mr. De la Beche's religious opinions. 
But 1 do know, that the opinion which supposes our world to have 
existed an indefinite period before the creation of man, is so exten- 
sively adopted by believers in revelation in Europe, that to em- 
brace it should bring upon no one the suspicion of infidelity. True, 
the geological opinion does conflict with the commonly received no- 
tion that Moses fixes the time of the creation of matter out of noth- 
ing about 6000 years ago: But learned men have undertaken to 
show, that although Moses does assign that date as the commence- 
ment of the existing races on the globe, and of the present arrange- 
ments, his language does not fix the lime at which the matter of the 
globe was created out of nothing. A full account of this subject 
will not be expected in this place : yet I can hardly refrain from 
subjoining a few extracts from the very recent writings of some 
able men , whose opinions cannot but be highly respected by all intel- 
ligent Christians. 

The first quotation is from a recent elegant and most interesting 
work of Rev. Dr. Buckland, Professor of Geology and Minerology 
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in the University of Oxford, and which I am happy to learn is in a 
course of republication in this country, as the last volume of the 
Bridgwater Treaiises. Its title is, "Geology and Minerology con- 
sidered with reference to Natural Theology." London, 1836. 

" It was assuredly prudent, during the infancy of Geology, in the 
immature state of those physical sciences which form its only sure 
foundation, not to enter upon any comparison of the Mosaic account 
of creation with the structure of the earth, then almost totally un- 
known ; the time was not then come when the knowledge of natur- 
al phenomena was sufficiently advanced to admit of any prolitable 
investigation of this question; but the discoveries of the last half 
century have been so extensive in this department of natural knowl- 
edge, that, whether we will or not, the subject is now forced upon 
our consideration, and can no longer escape discussion. The truth 
is, that all observers, however various may be their speculations, 
respecting the secondary causes by which geological phenomena 
have been brought about are now agreed in admitting the lapse of 
rery long periods of time to have been an essential condition to the 
production of these phenomena." 

" In my inaugural lecture published at Oxford, 1820, pp. 31, 32, I 
have slated mv opinion in favor of the hypothesis, ' which supposes 
the word * beginning^ as applied by Moses in the fir>t verse of the 
book of Genesis, to express an undefined period of time, which was 
antecedent to the last great change that affected the surface of the 
earth, and to the creation of its present animal and vegetable inhab- 
itants ; during which period a long series of operations and revo- 
lutions may have been going on; which as they are wholly uncon- 
nected with the history of the human race, are passed over in si- 
lence by the sacred historian, whose only concern with them was 
barely to state, that the matter of the universe is not eternal and 
self-existent, but was originally created by the power of the Al- 
mighty.' " 

" It has long been matter of discussion among learned theologians, 
whether the first verse of Genesis should be considered prospective- 
ly, as containing a summary announcement of that new creation, 
the details of which follow in the record of the operations of the 
six successive days ; or as an abstract statement that the heaven and 
earth were made by God, without limiting the period when that 
creative agency was exerted. The latter of these opinions is in 
perfect harmony with the discoveries of Geology." 

" The Mosaic narrative commences with a tleclaration, that ' In 
the beginningGod created the heaven and the earth.' These few first 
words of Genesis may be fairly appealed to by the geologist, as con- 
taining a brief statement of th creation of the material elements, 
at a time distinctly preceding the operations of the first day : it is 
nowhere affirmed that God created the heaven and the earth in the 
firsi, day, but in the beginning-, this beginning may have been an 
epoch at an unmeasured distance, folowed by periods of undefined 
duration, during which all the physical operations disclosed by GJe- 
ology were going on." 

"The first verse of Genesis, therefore, seem explicitlyjto assert the 
creation of the Universe j * the heaven,' including the sidereal sys- 
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tern; 'and the earth,* more espocially specifying our own planet, as 
the subsequent scene of the operations of the six days about to be 
described ; no information \s given as to events which may have oc- 
curred upon this earth, unconnected with the history of man, be- 
tween the creation of its comp?nent matter recorded in the first 
verse, and the era at which its history is resumed in the second 
verse; nor is any limit fixed to the time during which these inter- 
mediate events may have been going on ; millions of millions 
of years may have occupied the indefinite interval, between 
the beginning in which God created the heaven and the earth, and 
the evening or commencement of the first day of the Mosaic 
narrative." 

" The second verse may describe the condition of the earth on 
the evening of this first day ; (for in the Jewish mode of computa^ 
tion used by Moses, each day is reckoned from the beginning of one 
evening to the beginning of another evening). This first evening 
may be considered as the termination of the indefinite time which 
followed the primeval creation announced in the first verse, as the 
commencement of the first of the six succeeding days, in which the 
earth was to be fitted up, and peopled in a manner fit for the recep- 
tion of mankind. We have in this second verse, a distinct men- 
tion of the earth and waters, as already existing and involved in 
darkness; their condiiion also is described as a state of confusion 
and emptiness, itohu bohu,) words which are usually interpreted by 
the va?ue and indefinite Greek term ' chaos,' and which may be 
geologically considered as designating the wreck- and ruins of a 
former world. At this intermediate point of time, the preceding 
undefined geological periods had terminated, a new series of events 
commenced, and the work of the first morning of this new creation 
was the calling forth of light from a temporary darkness, whicti had 
overspread the ruins of the ancient earth." 

In a note to Dr. Buckland's work jnst quoted, we find the opinion 
of E. B. Pusey, Regius Professor of Hebrew in Oxford Universi- 
ty, respecting the interpretation of the first part of Genesis. 

"Tne point, however, upon which the interpretation of the first 
chapter of Genesis appears to me redlly to turn, is, whether the 
two first verses are merely a summary statement of what is rela- 
ted in detail in the rest of the chapter, and a sort ot introduction to 
it, or whether they contain an account of an act of creation. And 
this last seems to me to be their true interpretation, first, because 
there is no other account of the creation of tne ear^h ; secondly, the 
second verse describes the condition of the earth when so created, 
and thus prepares for the account of the work of the six d^ys : but 
if they speak of any creation, it appears to me that this creation 
*in the beginning ' was previous to the six days, because, as you 
will observe, the creation of each day is preceded by the declara- 
tion that God said, or willed, that such things should be (' and 
Gtod said '), and therefore the very form of the narrative seems to 
imply that the creation of the first dav began when the.'^e words are 
first used, i. e. with the creation of light in ver. 3. The time then of 
the creation in ver. 1 appears to me ndt to be defined : we are told 
only what alone we are cpncemed with, that ail things were made 
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by God. Nor is this an^ new opinion. Man^ of the fathers 
(they are quoted by Petavius, 1. c, c. 11, § i. — viii.) supposed the 
two first verses of Genesis to contain an account of a distinct and 
prior act of creation ; some, as Augustine, Theodoret, and others, 
that of the creation of matter; others, that of the elements; 
others a^ain (and they the most numerous) imagine that, not 
these visible heavens, but what they think to be called elsewhere 
* the highest heavens,' the * heaven of heavens,* are here spoken 
of, our visible heavens being related to have been created on the 
second day. Petavius himself regards the light as the only act 
of creation of the first day (c. vii. * de opere primae diei, i. e. luce*), 
considering the two first verses as a summary of the account of 
creation which was about to follow, and a general declaration that 
all things were made by God." 

" Episcopius again, and others, thought that the creation and 
fall 01 the Dad angels took place in the interval here spoken of; 
and misplaced as such speculations are, slill they seem to show 
that it is natural to suppose that a considerable interval may have 
taken place between ine creation related in the first verse of Grene- 
^ sis and that of which an account is given in the third and fol- 
lowing verses. Accordingly, in some old editions of the English. 
Bible, where there is no division into verses, you actually find a 
break at the end of what is now the second verse ; and in Luther's 
Bible (Wittenburg, 1557) you have in addition the figure 1 placed 
against the third verse, as being the beginning of the account of the 
creation on the first day." 

"This then is juat the sort of confirmation which one wished for, 
because, thousfh one would shrink from the impiety of bending the 
language of God's book to any other than its oDvious meaning, we 
can not help fearing lest we might be unconsciously influenced by 
the floating opinions of our own day, and therefore turn the more 
anxiouslv to those who explained Holy Scripture, before these theo- 
ries existed. You must allow me to add that I would not define 
further. We know nothing of creation, nothing of ultimate causes, 
nothing of space, except what is bounded by actual etisting bodies, 
nothing of time, but what is limited by the revolution of those bod- 
ies. I should be very sorry to appear to dogmatize upon that, of 
which it requires very little reflection, or reverence, to confess that 
we are necessarily ignorant. * Hardly do we guess aright of things 
that are upon earth, and with labor do we find the things that are 
before us ; but the things that are in heaven who hath searched out V 
-—Wisdom, ix. 16.— E. B. Pusey. 

The next writer whom I shall quote, is Dr. Chahners. See his 
recent work on Natural Theology, Book 2. Chap. 2. New York, 1836. 

** Those rocks which stand forth in the order of their formation, 
and are each imprinted with their own peculiar fossil remains, have 
been termed the archives of nature where she hath recorded the 
changes that have taken place in the history of the globe. They 
are made to serve the purpose of scrolls or inscriptions on which 
we might read of those greAt steps and successions by which the 
earth has been brought to its present state. And should these 
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•rchiTes of nature be but truly deciphered, we are not afraid of 
their being openly confronted with ihe archives of revelation. It 
is nnmanlv to blink the approach of light from whatever quarter of 
observation it may fall upon us— and those are not the best friends of 
Christianity who feel either dislike or alarm, when the torch of 
science or the torch of history is held up to the Bible, For our* 
selves, we are not afraid, when the eye of an intrepid, if it be 6nly 
of a sound philosophy, scrutinizes however jealously all its pages. 
We have no dread of any apprehended conflict between the doctrines 
of scripture and the discoveries of science— persuaded as we are, 
that whatever story the geologists of oar day shall find to be engra* 
yen on the volume of nature, it will only the more accredit that 
story which is graven on the Volume of revelation." 

**0n this subject there are maily, andjhese perhaps an increasing 
number, who think that there might be conceded to the geologists 
an indefinite antiquity for the matter of our globe— and that, with- 
out violation even to the strict literalities of the book of Genesis — 
not one of which, save when allowance is evidently to be made 
for the use of popular language, they would feel disposed to give up for 
any imaginations or reasonings which philosophy has yet set forth 
upon the subject. Allj according to them, which can positively be 
gathered from the first chapter of that book is a great primary act 
of creation, at how remote a period is uncertain — after which our 
world may have been the theatre of many chanj2;es and successive 
economies, the traces or memorials of which mi^ht be observable 
at the present day. It leaves on the one hand abundant scope to 
those who are employed in the investigation of these memorials, if 
it be granted that the Mosaic narrative fijces, only the antiquity of 
our present races, and not the antiquity of the earth that is peopled 
by them. But on the other hand we should not tamper with the 
record by allegorizing any of its passages or phrases. We should 
not for example protract the six days into so many geological periods 
—as if by means of a lengthened natural process to veil over the 
fiat of a God^ that phenomenon, if we may so term it, which of all 
others seems the most offensive to the taste of some philosphers, and 
which they are most anxious to get rid of. We hold the week 
of rhe first chapter of Genesis to have been literallya week of mir* 
acles — ^the period of a great creative interposition, during which 
by so many successive evolutions, the present economy was raised 
out of the wreck and materials of the one which had gone before it." 

" The detailed history of creation in the first chapter of Genesis 
begins at the middle of the second verse ; and what precedes might 
be understood as an introductory sentence, by which we are most 
appositely told both that Gk>d created all things at the first ; and that 
afterwards, by what interval of timtf it is not specified, the earth 
lapsed into a chaos, from the darkness and disorder of which the 
present system or economy of things was made to arise. By this 
nypothesis neither the first verse, nor the first half of the second 
verse fomw an^r part of the narrative of the first day's operations,— 
the whole forming a preparatory sentence disclosing to us the initial 
act of creation at some remote and undefined period ; and the chaotic 
state of the world, at the commencement of those successive. acts of 
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creative power, by which out of rude and andlgested materials the 
present harmony of nature was ushered into being. Between the 
initial act and the details of Genesis, the world for aught we know 
might havebeen the theatre of many revolutions, the tracesof which 
geolosry may still investigate, and to which she in fact has confident^ 
ly appealed as the vestiges of so many successive continents that 
have now passed away. The whole speculation has ministered a 
vain triumph to infidelily—seeing first tnat the Bfistorical Evidence 
of Scripture is quite untouched by those pretended discoveries (k 
natural science ; and that, even should they turn out to be substantial 
discoveries, they do not come into collision with the narrative of 
Moses. Should, in particular, the explanation that we now offer be 
sustained, this would permit an indefinite scope to the conjectures of 
geology— and without any undue liberty with the first chapter of 
Genesis. We may here state that there is no argument, saving that 
grounded on the usao^es of popular language, which would tempt as 
to meddle with the liteialitles of that ancient, and as appears to as 
authoritative record. Its main difficulty lies in the work of the 
fourth day, upon which God is said to have made twogreat lights, the 
greater to rule the day and the lesser to rule the night, and the stars 
also. Vet even this could be got over, if we adopt a principle which 
even Granville Penn has found necessary for the adjustment of his 
views--thou§h himself a violent and we think an unnecessary alar- 
mist upon this question. He supposes the Mosaic description to 
proceed not in the order of creation actually, but in its order op- 
tically-^or in other words, that ihe sun and moon were not first made, 
but first made visible on the fourth day." 

" We regret that Penn, or Gisborne, or any other of our Scriptur- 
al geologists, should have entered upon this controversy without a 
sufficient preparation of natural science ; and laid as much stress 
too on the argument which they employed, as if the whole truth 
and authority of revelation depended on it. It is thus that the cause 
of truth has often suffered from the misguided zeal of its advocates, 
anxiously struggling for every one position about which a (^[uestion 
may have been raised ; and so landing themselves at times m a sit- 
uation of most humiliating exposure to the argument or ridicule of 
their adversaries. They weaten the line of defence by extending 
it. They multiply their vulnerable points by spreading their de- 
tachmenusand their outworks over too great a surface, when they 
might have concentrated their strength within the limits of an im* 
pregnable fortress. They raise too loud an outcry of alarm,' and 
liA too high a note of preparation, on the assault by their enemies of 
some insignificant outpost which might with all safety be conceded 
to them — so that when it does come to be occupied by assailants, 
there is just as tremendous a «hout of victory on the one side, as 
there was of misplaced dread and violence upon the other. Mean- 
while the citadel abideth in its ancient security, as commanding ia 
its site and as strong in all its essential battlements as ever— and. 
in the consciousness of this strength, might they who lopk abroad 
from its turrets, eye with perfect tolerance, if not with complacency 
the pretty warfare that is occasionally breaking out at their remoter 
outskirts. It is right to be vigilant— but it is not right to waste ths 
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Strength of the credit of a good cause upon the defence of an un- 
tenable positioD —and more especially, if that position be wholly in- 
significant. It is thus that in the management of what may be call- 
ed intellectaal tactics, it is good to keep by the strong points of an 
argument, and to abstain by all means* from laying any more of 
"weight on the minor or collateral reasonings than these leasonings 
will bear." 

"We have long regarded the contest between the cause of revelation 
on the one band, and the infidelity of the geological schools upon 
the other, as merely an affair of outposts, which, however terminat- 
ing, will leavp the main strength of the Christian argument unim- 
paired We have already endeavore'd to show, how without anyin- 
rafiion even on the literalities of the Mosaic record, the indefinite 
antiquity of the globe might safely be given up to naturalists, as an 
arena whether for their sportive fancies or their interminable gladi- - 
Btor>hip. On this supposition the details of that operation narrated 
by Moses, which lasted for six days on the earth's surface, will be 
regarded as the steps, by which the present economy of terrestrial 
things was raised, about six thousand years ago, on the basis of an 
earth then without form and void. While, for aught of information 
•we. have in the Bible, the earth itself may, before this time, have 
been the theatre of many lengthened processes— the dwelling place 
of older economies that have now gone by, but whereof the ves- 
tiges subsist even to the present day, both to the needless alarm of 
those who befriend the cause of Christianity, and to the unwarranta^ 
ble triumph of those who have assailed it." 

" Let us never quit the strongholds of the Christian argument in 
hazarding a mere affair of outposts, unless we are quite sure of the 
ground we stand upon. There are certain zealous defenders of 
Christianity who in this way have done an injury to the cause. And 
it does give rise to a most unnecessary waste of credit and confi- 
dence, it does give the enemies of religion a most unnecessary tri- 
umph, when itsdefenders expose their ignorance in the maintenance 
of a position, which even though given up leaves Christianity as 
firmly based as ever, on those mirculous and prophetic and experi- 
mental evidences which substantiate the Bible as the authentic re- 
cord of an authentic communication from Heaven to Earth, as a 
Book indited by ho y men of God, who stood charged, not with the 
matters of physical science, but with those transcendently higher 
matters which relate to the moral guidance and the moral destiny of 
our species." 

I take the liberty of referring those who may wish to see an ex- 
tended examination of this subject, to several essays in the Biblical 
Repository for April and October 1835, and for January and April, 
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Table of the situations and depths at which recent Genera of Maiine 
and Estuary IheUs have been observed. By W. J. Broderip Esq.. 

F. R. s. V. P. a S., «&c. ' 

My friend Mr. De la Beche having requested me to form this table 
confining it to the situation, depth and bottom where marine and es- 
tuary shells have been ob>erved, without regard to their geograph- 
ical distribution, I am desirous of acknowledging the assistance 
which 1 have derived from Mr. G. B. Sowerby and Mr. Cuming. 
The information contributed by the last-mentioned gentleman is Es- 
pecially valuable, in as much as it arises from personal observation 
made during the voyage which has so much enriched this branch of 
Watural history. Still, notwithstanding these aids, I could have wish- 
ed to have delayed the publication, till it had assumed a form which 
might have rendered it more complete and of more Geological value. 
When the cross (-f-j occurs, it indicates that the depth is either 
unknown or that the information respecting it is deemed unsatisfac- 
tory ; when appears, it denotes that the genus, after which it is 
placed, is found sometimes, at or near the surface of the water. 

Annelids, 

Serpula (including Vermilia and Graleolaria, Lam). Generally 
littoral, attached to rocks, stones, shells, crustaceans, corals, 
and other marine bodies. 

Spirorbis. On sea-weed, shells, &C.3 imd nearly in the same situa- 
tions. 

Sabella. Coasts, and on shells, &c. ; generally in shallow water. 

Terebella. Nearly the same situations. 

Dentalium.* Sometimes in deep water, frequently near the shore. 

* The observations of Savigny and of Deshayes lead to the conclusion that this genus 
approaches very closely to the Mollusks, if Indeed it does not belqng to them. Cuvier 
in the last edition of the Regru. Animal, where he plac.s Dentalium among his Anne- 
lides Tubicoles not without hesitation, thus writes : " Si I'opercule rappelle le pied 
des vermets et des siliqualres, qui deja ont ete transportes dans la classe des mollus- 
ques, les ranchies rappeilent beaucoup celle des amphitrites et des te.ebelles. Des 
observations ulterieures surleuranatumie, etprincipalementsur leui systeme nerveux 
«t vasculali«, lesoudront ce probleme.— Tom. ill. p. 107.— W. J. B. 
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Cirrhipeds. 

Pollicipes. Generally adhering to rocks in shoal water. 

Pentelasmis. Attached to rucks, &c.; frequently found floatingfar 
at sea en drifted tioiber, net-corks, lantninae, glass bottles, 
and also adhering to the bottoms of ships. 

£calpellum. Adhering to corallines, &c. ; generally near shores. 

Otion. Adhering to rocks, and occasionally to floating bodies ; has 
been found attached to Corunula. 

Cinaras. Nearly the same habits ; there is a group in the \ useum 
of the College of Surgeons adhering to the tail of a water 
serpen u 

Lithotrya. Adhering to the bottom of a deep regular cavity, appa- 
rently the work of the animal, in rocks. 

Balanus. On rocks and shells at a depth ranging to ten fathoms j 
affixed to bottoms of ships and other floating bodies, 

Octomeris. Attached to rocks. 

Conia. Affixed to stones, rocks, shells, &c. 

Catophragmus. Attached to Conia, most probably similar habits 
to those of that genus. 

Clitia. Coasts, on shells, &.c. 

Tubicinella. Imbedded in the blubber of whales. 

Coronula. The same. 

Chelonobia. On the backs of sTsa-turlles ; adhering to, and some- 
times anchored in the tortoise-shell. 

Acasta. In sponges. 



Conchiferi. 



Aspergillum , . 

Clavagella . . . 
Fistulana . . . . 
Septaria {Lam.) 

Qastrochsna . . 



Depth in fothoms. 



Remarks. 
Shallow water proba- 



Teredo 



Pholas 
Xylophaga . 

Petricola " 



Otoll 

+ 
3 to 10 



OtolO 



Oto 9 
0to45 



Otoll 



In sands, 
bly. 

In rocks. 

San^s or hard mud. 

Exposed by volcanic action on the 
coast of Sumatra. 

In the inside of other shells, or 
in ready-made cavities in rocks, 
or in cavitifes of rocks perfo- 
rated and lined by the ani- 
mal. 

Perforates wood; most destruc- 
tive to piles, dikes and ship- 
ping. 

Pierces wood, rocks, indurated 
clay, &c. 

Perforates wood. A specimen 
thrown up at Gravesend in a 
piece of stick. 

In rocks and shells. In cavities 
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Depth In Fathoms. Remarks, 

of its own worJcing. 
Solen ...... to 13 Sandy beaches, wherein it bar- 
rows vertically, and lies hid- 
• den when the tide is out. 
Solenicurtus . . . Moderate depths. . 

Glycymeris . . . Probably the same. 

Mya . ...... Beaches, in which, it often lias buri- 

ed with its tube just projecting. 
Silt, estuaries. . . . 
Panopeea ..... + Sands, shallow water. 

Anatina In nearly the same situations. 

Lutraria + Sands. . . 

Solenella ...•. 7 to 45 Soft mud. 

Mactra to 12 Sandy mud and sands. 

Galeomma .... + Coasts. 
Anatinella .... -|- Sands. Coast of Ceylon. 

Crassatella .... 8 to 12 Sandy mud. 
Phoiadomya ... + Most probably deep water. The 

only recent specimen known 
(which is in my collection,) 
was thrown up on the beach at 
Tortola, after a hurricane. 

Solenimya + Probably shallow sands. 

Amphidesma .... to 40 Sands and mud. 

Cumingia to 6 In clay, mud, and in ihe Assures of 

rocks. 

C<Mrbula to 13 Sandy mud 

Pandora .;.... to 10 Sands. 

Saxicava Littoral. In stones and shells. 

Venirupis . . , , . Littoral. In rocks or sands. 

Pullastra ; . . . . to 10 Sands, or sandy mud. 
Sanguinolaria ... 5 to 13 Sandy mud. . . 

Psammobia .... to 13 Sands. 

Teliina to 17 Sands. 

Tellinides 5 to 16 Sandy mud. 

Corbis + Sands probably. 

Lucina 5 to 11 Sandy mud and mud.. , 

ITngulina + Probably sands. . . . 

Donax ...... to 10 Sands and sandy mud. 

Capsa ....... 5 to 13 Sandy mud and soft mud. 

Astarte to 10 Sandy mud. 

Cyprina + Sandy mud. . . 

Cytherea . . . * • to 50 Mud, sands, coarse sands. 
Venus ....... to 50 The same. 

Venericardia ... to 50 Mud and sands. 
Cardium .... to 13 Mud^ sands and gravel. 

Cardita to 13 Mud and sands. Sometimes at- 
tached to stones. 
Cjrpricardia ... -|- Sands, and on reefs. 
Isocardia .... 10 to 90 Mud and sand. 

Cacullsea . . * « . + Sands. 

22 
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Byssoarca 
Area 



Pectancuios 
Nucula 



Trigonla 

Myochama 
Chama 



Cleidothsrus 
Tridacna 

Hippopns 
Modiola . . 



Mytilas 
lithodomus 



Dfptb in Fathoms. Remufai. 

to 75 Moored to stones and shells. 
to 17 Sandy mud antt mod, moored to 
stones, corals. &c. 

5 to 17 Sandy mud ana sands. 
,0to60 Sandv mud and sand. E^taarj 

ana open sea.* 

6 to 14 Only yet discoyered near Austra- 
lia, sandy mud. 

On TrigoniBB. 
to 17 Affixed to rocks, stones and 
shells. 
The same. Shallow water. 
Oto 7 Moored to rocks, and on coral 

reefs. 
to 7 Moored to rocks. 
to 17 Littoral. Moored to rocks, stones 
andshells.t 
Littoral. The same, and on Crust- 
aceans, shells, &c. 
to 10 Littoral Affixed at first by bys- 
sus to 'rocks, which it suh^ 
quently penetrates, and remains 
ever afterwards in the cavity. 
In shells. 
to 17 Sandy bottoms, moored by bys- 
sus. 
4- In sponges, and moored to coral- 
lines, &c. 
Littoral. Moored to mangror» 
. trees, corals, &c. . . 
to 7 Moored by byssus to rocks, &c. 
to 20 Moored to mangrove trees, corals^ 

shells and rocKS. . 
to 10 Moored by byssus to rocks. 
+ Attached by some substance to 
rocks. 
Moored by byssus. . 
Sands, sandy mud and mud. 
Adheres to stones, shells,. &c. 
Attached to rocks, corals, &c. 
On gravel and sand, estuaries. 
On gravel and sand, estuaries and 
sea. Sometimes attached to 
rocks, trees, &c.t 

* Aoeording to Mr. Comiiur, Um same species of this genus vaxy much In the dtpQkm 
wt which they live : for he found N. cuneata ftom 14 to 45 fluhoms ; N, obtiqua from 
14 to 60 fluhoms, ftnd N. Pisum front 17 to 4S'fathonui. W. J. a 

t Modiola diteort floats firee, enveloped in its own silky byssus. One Modiola 
llyet In A scldla , and another floats among the Gulph or Sargasso weed. W. J. B * ■ 

I Thers la in my cabinet a good-sized crab, on the back and r iaws of which axe ma- 
ny oysters. Soma of the latter are vtry large, and must have been firom six to aertax 
yean old. The crab and oysters w^He alive, when the specimen wae brought to Loa.- 
don. W. J. a • 



Pimna 
Crenatula 



Pema • Oto 10 



Malleus . . 
Avicula 

Meleagrina 
Pedum 



Lima 

Pecten .... 
Plicaluta .... 
Spondylus .... 

Gryphsea Shallow. 

Ostrea Oto 17 



Oto SO 
Oto 20 
4 to 11 
Oto 17 
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Depth In Fathoms. Remarlci. 

Vwella -J. In sponges, Ac. 

Placuna •+ Sandy bottoms. 

Anomia to 12 On oysters and other shells, rocks. 

&c. 

Placunanomia . . 11 to 17 Sandy mud. 

Crania -f. On stones and shells. Brought 

up with corals in the Mediter- 
rauean, and by cod lines off the 
coast of Shetland, Probably 7e- 
ry deep. 

Orbicula .... to 17 Attached to stones, shells, sanken 

wrecks, &c. ; sandy mud. 

Hipponyx .... to 16 Attached to stones and shells. 

Terebratula .... 10 to 90 Moored to rocks, shells, &c. 

Thecidium . . . Among red coral. Tuscan seas. 

Lingula to 17 Has been found at half tide in hard 

coarse sand, from four to six 
inches below the surface of the 
sand. Coral sands. 

KOLLUSCS. 



Hyalea 
Chiton 



Capulus (Pileop- 
sis, Ijam) . •. . . 
Scutella ' . . . . 
Patella 



0to25 
0to20 



... to 30 

Pleurobranchus . -+ 

Umbrella ... + 

Parmophorus ... -{- 

Emargmula ... to 11 

Siphonaria ... -i- 

Fissurella ... to 25 

Calyptrsea ... to 25 

Crepidula ... to 40 

Bulla ) 

BaUaea J * ' ' 

Aplysia H- 

Dolabella 6 

Melania 

Nerita 

Natica- Oto40 

lanthina 

Sigaretus. ...... 5 to 15 

Stomatia 7 

Haliotis 



Swims freely m the waters. 

Creeps on rocks, stones, &c. to 
which it adheres. 

Creeps on, and adheres to shells 
and stones. 

Coral sand and sandy beaches. 

Rocky coasts and stones; sea- 
weeds. 

The same. 

The same. Littoral 

The same. 

The same. 

The same. Littoral. 

The same. 

Rocks, stones and shells. 

The same. Sea coasts, estuaries, 
tidal rivers. 

i Sands and sandy mud. Estua- 
ries. 

Adheres to rocks. 

Sands. 

Estuaries. Also freshwater. 

Littoral. Creeps on rocks and sea- 
weed. 

The same. Mud and sandy mud. 
Estuaries. Tidal rivers. 

Floats freely in the ocean. 

Sand. 

On meleagrina and corals. 

Littoral. Adheres to rocks, &e. . 
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^ . Depth in F&UMimf. Remaiki. 

Scissarella •+ 

Tornatella Shallow. Creeps on sands, leaving fUr- 

rows* 

Pyramidella to 12 On coral reefs, sands, and sandy 

mud. 

Vermetus to 13 In sponges. Under stones, aa shells. 

^ . In coral sand and sand. 

Siliquaria -j- Has been found in sponges. 

Magiius •+ In corals. As the coral increases 

in volume, the animal secretes a 
tube, which is almost crystalline 
and very thick, so as to keep the 
aperture coequal with the surface 
of the coral. 

Stylifer ^ Burrows in the raj^s of Starfish, 

and found on Echmus, &c. Litto- 
ral. , 

Scalaria i 7 to 13 Sandy mud. 

Rissoa + Coasts and shores. 

Delphinula + Creeps on rocks and sea-weeds. 

Solarium Littoral. On rocks and weeds. 

Rotella •+ Probably the same. 

Trochus to 45 Creeps on rocks and sea-weeds, 

sand, sandy mud and gravel. 

Monodon On rocks and weeds. 

Littorina The same. Littoral.* 

Turbo to 10 On rocks and weeds. 

Planaxis Littoral. Under stones. 

Phasianella Shallow. Islands, coasts and estuaries. 

Turriiella 5 to 20 Sandy mud: 

Cerithium to 17 * Found on various bottoms.t 

Estuaries. 

Potamides * Estuaries. Also fresh water. 

Pieurotoma 8 to 16 * Different bottoms. 

Turbinella to 18 •Sandy mud. 

Cancellaria . . ; . . 5 to 16 * Sandy mud. 

•Fasciolaria Oto 7 • Mud. 

Fusus to 11 ♦ Mud, sandy mud and sand. 

Pyrula Oto 9 * Thesame. 

Struthiolaria .... + * 

Ranella to 11 • Different bottoms. 

• 
* Littorina pulehra has been found on mangrove trees 14 feet above the water 

They have also been kept alive six months wlthou t yntst.— Cuming, W. J. B. 

^ All those genera distinguished by an asterisk, prefixed to the remarks, may be 
considered as roaming in pursuit of living prey or deaa animal subs tances ; and though 
they may occur at various depths, and in or on various bottoms, yet they are almost 
without exception found either on or near the shore or in soundings. The migority 
penetrate the shells of oonchlfers by means of an organ which makes a hole as txulj 
round as if it had been cut by an auger, and then suck the juices of the victim. 

At least one species of the genus Cerithium is exceedingly tenacious of life ; for C. 
teleacopium, sent (torn Calcutta to Mr. G. B. Sowb«ry in sea water in a small tin box 
fer more than a week. 



Digitized 



by Google 



APPENDIX. 



341 



Depth in Fathoms. 

Mttwx 5to25 * 

Typhis 6 to U ♦ 

Triton to 30 ♦ 

Rostellaria H- ♦ 

Pteroceras + ♦ 

Strombus to 13 * 

Cassidaria + ♦ 

Ofiiscia •+ ♦ 

Cassis 5 to 8 • 

Ricinula + ♦ 

Purpura to 25 * 

Monoceras Oto 7 * 

Concholepas .... ♦ 

Harpa 5 to 11 * 

Dolium -+ ♦ 

Nassa to 15 * 

Buccinum to 10 * 

Trichotropis .... 10 to 15 * 

• Eburna .... -f * 

Terebra .... to 17 « 



CoUumbela .... to 16 ♦ 

Mitra to 17 ♦ 

Voluta 7 to 14 * 

Cymba Shallow ♦ 

li^elo ..... Shallow * 

Marginella .'.... Oto 9 ♦ 

Ovulum to 11 ♦ 

Cypraea ..... ♦ 

Terebellum -f- 

ADcillaria + ♦ 



Ramarks- 
The same. 
Sandy mud. 
Different bottoms. 
A specimen .brought up in the 
mud lying on the fluke of an In- 
diaman'si anchor in the StraJis of 
Macassar. . . 
As yet only nojticed as littoral. 
Probably different bottoms. 
The same. . . 

Littoral. Coarse sand. 
In sands. 

On coral reefs and.rocks. 
The larger proportion of the 
species of this genus are lit- 
toral. 

On rocks. Nearly all the species 
littoral. 

Only vet known as littoral. 
Caught by fishing-lines. More 
frequently by rakes, when out to 
feed early in the morning. 
On reefs. 

Sand, sandy mud and under 
stones. 

Greater part of this genus litto- 
ral. 

Bay between Icy Cape and Cape 
Lisbon. 
Sandy mud 1 

Sometimes creeps on reefs out of 
the water, but within reach of the 
spray. 

Sandy mud and mud. 
Reefs, sandy mud, sands. One 
species brought up attached to 
the lead line in the Meditera- 
nean^ 

Sands and mud. 
The same. 
The same. 

Sand, and sandy mud. 
Under corals and stones, on sea- 
weeds. 

Littoral. Under corals and 
stones. 

One species dredged up in mod- 
erately deep water, New Zea- 
land. 
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Depth in F athoms. Remarkt. 

Oliva ..... OtolS * In mud, sandy mnd, course 

sand, &c. Caught by fishing- 

lines. 

Conn§ to 17 * Sandy mud, &c. . 

Oonohelix h- On coral reefs. 

Conorulus Shallow. Marine and estuary. 

Nodosaria Littoral. 

Spirula Floats on the ocean. 

Cristellaria Littoral. 

Orbiculina Littoral. 

Nautilus Free swimmer and creeps on th» 

bottom. 

Argonauta Free swimmer. 

Carinaria Near the shore. 
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